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PREFACE. 

1 HE occasion which gave rise to this and the 
accompanying Treatises is explained in the fol- 
lowing notice: but the Author of the present 
Treatise thinks it right to add, that, although 
encouraged by the honour of having been re- 
commended by His Grace the Archbishop of 
Canterbury, he should have shrunk from his 
present attempt, had he considered that any 
exact elucidation of the details of science was 
required in the execution of it. 

As, however, the intention of Lord Bridge- 
water, and the very extent and diversified na- 
ture of the subject, seemed to him almost neces- 
sarily to exclude any great exactness of eluci- 
dation, and to require a popular rather than a 
scientific exposition of facts ; and as the whole 
tenour of his pursuits during the last thirty 
years of his life accorded with the character of 
the proposed subject; he the more readily un- 
dertook a task, to the execution of which he 




could not but look forward with much pleasure. 
And if he should in any instance stimulate the 
reader to examine the question with any por- 
tion of the interest and satisfaction with which 
he has himself examined it, he is confident that 
he shall not hare laboured In vain. 



It will be for others to determine whether a 
judicious selection and a sufficiently natural ar- 
rangement of the materials of the following 
Treatise have been adopted : but to those, who 
may think that many of the subjects liave been 
treated too cursorily, the Author begs leave to 
pwnt out the extensive range afforded by so 
wide a field of inquiry ; and the consequent 
neceswty of compression in each particular; the 
subject of this Treatise being in i'act an epitome 
of the subjects of almost all the others. He also 
considers it right to state, that it is the imme- 
diate object of the Treatise itself to unfold a train 
of facts, not to maintain an argument ; to ^ve 
a general view of the adaptation of the external 
world to the physical condition of man, not to 
attempt formally to convince the reader that 
this adaptation is a proof either of the existeoee 






omnipotence of the Deity, or of his bene- 
ficence and wisdom ; though undoubtedly it 
is hoped by the writer, as it was intended by 
the muniticent individual who originally pro- 
posed the general subject of tliis and the ac- 
companying Treatises, that such a conyiction, 
if not already existing, may be produced by 
its perusal. Without questioning, therefore, on 
the pre!*ent occasion, the intellectual powers or 
the moral motives of those who profess them- 
eelves sceptics with respect to either natural or 
revealed religion, the Author addresses hunself 
Lciuwvely to those who are believers in both 
one and the other. With respect indeed to 
a disbelief in the basis of natural religtoo, he 
must ever ieel assured, as in another place he 
has expressed himself, that, however eaay it 
may be to accovuit for the external profession of 
a disbelief in God, the supposition of the exist- 
ence of intellectual atheism involves an intel- 
lectual absurdity. With respect to the truth of 
Revelation, although the subject of this Treatise 
not directly connected with that question, he 
^ould still wish to consider himself as addressing 
lose only who with himself believe that the 
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objects which surround us in our present state 
of existence, and which are so obviously in- 
tended to advance the general powers and fa- 
culties of Marij without advancing the powers 
and faculties of any other animal, are purposely 
destined to produce an ulterior and higher effect ; 
the nature of which effect is to be learnt from 
the doctrines of Revelation alone. And he has 
thought it right to say thus much on the general 
subject of religion, not merely for the purpose of 
recording his own sentiments ; but that, in pro- 
fessing to address those only who believe in re- 
vealed as well as in natural religion, if on any 
occasion he should assume the truth of Revela- 
tion, he may not be with justice accused of 
taking that for granted, of which the reader 
doubts. 



NOTICE. 

The series of Treatises, of which the present is one, is 
published under the following circumstances : 

The Right Honourable and Reverend Francis 
Henry, Earl of Bridgewater, died in the month of 
February, 1829 ; and by his last Will and Testament, bear- 
ing date the 25th of February, 1825, he directed certain 
Trustees therein named to invest in the public funds the 
sum of eight thousand pounds sterling; this sum, with 
the accruing dividends thereon, to be held at the disposal 
of the President, for the time being, of the Royal Society 
of London, to be paid to the person or persons nominated 
by him. The Testator further directed, that the person or 
persons selected by the said President should be appointed 
to write, print, and publish one thousand copies of a work 
On the Power ^ Wisdom^ and Goodness of Gody as mani- 
Jested in the Creation ; UliLstrating stcch work by all reason- 
able arguments; as for instance the variety andformation of 
God's creatures in the animal^ vegetable^ and mineral king- 
doms ; the effect of digestion^ and thereby of conversion ; 
the construction of the hand qfman^ and an irifinite variety 
of other arguments; as also by discoveries ancient and 
modern^ in arts, sciences y and the whole content of literature. 
He desired, moreover, that the profits arising from the sale 
of the works so published should be paid to the authors of 
the works. 
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The late President of the Royal Society, Davies Gilbert, 
Esq. requested the assistance of his Grace the Archbishop 
of Canterbury and of the Bishop of London, in determining 
upon the best mode of canying into effect the intentions of 
the Testator. Acting with then* advice, and with the con- 
currence of a nobleman immediately connected with the 
deceased, Mr. Davies Gilbert appointed the following eight 
gentlemen to write separate Treatises on the different 
branches of the subject, as here stated : 
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ON THE ADAPTATION OF EXTERNAL NATURE TO THE 
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PHYSICAL CONDITION OF MAN. 
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His Royal Highness the Duke of Sussex, Presi- 
dent of the Royal Society, having desired that no unneces- 
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CHAPTER L 
Introduction. 

SECT. 1. 
The Physical Condition of* Man. 

▼V HEN Hamlet, in contemplating the grandeur 
of creation, breaks forth into that sublime apo- 
strophe on man — " How noble in reason ! how 
" infinite in faculties ! in form and moving, how 
*^ express and admirable ! in action, how like an 
^^ angel ! in apprehension, how like a God ! the 
" beauty of the world ! the paragon of ani- 
" mals!" — ^who does not feel elated by the de- 
scription? who does not feel conscious of its 
truth? 

Nor is its truth the less admissible, because 
the poet, in concentrating the powers of his 
imagination on the excellences of that work of 

B 
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creation wliicli bears the stamp of the Creator's 
image, has omitted to present to our view the 
reverse of the impression, the frailty namely of 
our fallen nature : for although, on moral and 
religious considerations, each individual is bound 
habitually to take the one view in conjunction 
with the other ; in a simply philosophical con- 
templation of human nature we are uot pre- 
cluded by any reasonable barrier, from taking 
such a partial view of the subject as the occa- 
sion may suggest. 

In the present instance, indeed, I am strictly 
called upon to consider, not the moral, but tke 
physical cotiditioa of man: and to examine how 
far the state of external nature is adapted to that 
condition ; whether we regard the provisions 
made for the supply of man's wants, eit/ier natural 
or acquired; or those which are made for tke 
exercise of his intellectiml faculties. The follow- 
ing treatise naturally, therefore, divides itself 
into two parts : in the first of which it is in- 
tended to investigate and describe the physical 
condition of man ; in the second, the adaptation 
of external nature to that condition. 

But a wide field here opens to our view : for 
man cannot, under any circumstances, be con- 
sidered as an insulated being ; or unconnected 
with the rest of animated nature. He is indeed 
but one link in the great chain of animal crea- 
tion ", and not only does the contemplation of his 
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condition lose half its interest, if separated from 
tbe contemplation of the condition of other ani- 
mals; but it cannot be satisfactorily investigated 
without (hat aid. And, again, animal life itself 
is but one among many modes of existence, by 
which the Creator has manifested his omnipo- 
tence; and which it is necessary to contemplate 
in connexion with the general phenomena of 
nature, in order to shew the 8ui>eriority of tliat 
province, at the head of which human beings 
have been placed. 

In attempting however to form a just estimate 
of the physical condition of man, we must not 
regard him merely under the aspect of savage 
or uncivilized life, and consider this as his na- 
tural state : for it may be presumed that, at the 
present day, such a puerile view of the question 
is not for a moment entertained by any one 
capable of philosophical reflection. In fact, in 
as many different states as man does actually 
exist, civilized or savage, so many are his na- 
tural states. If any indeed could be preemi- 
nently called his natural state, it would be that 
of civilization : for not only does experience 
shew that his natural tendency is towards such a 
state; but we know, from the highest authority, 
that the existence of man is connected with a 
moral end; (with more indeed than a moral end; 
since morals have immediately a relation to this 

i only, while man is destined for a future;) 
b2 
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and a moral end ia hardly attainable in an uni 
civilized state of society. 

SECT. II. 
The getierat Constitution qf'cjflemai Nature. 

The more familiar objects of that externi 
world by which man is surrounded are usually* 
distributed into three kingdoms, as they are 
called; the animal, vegetable, and mineral: but 
for the purpose of this treatise it will be neces 
sary to take into our account the phenomena ) 
the atmosphere also, 

The atmosphere principally consists of the a\ 
which we respire ; (a fonn of matter so subtl 
in all its states, as to be invisible;) together wit 
a variable proportion of water, of which a pai 
is always retained in close combination with th 
air; and, like the air itself, exists always in a 
invisible state. There are also diffiised throug 
the atmosphere those still more subtle agent 
heat and electricity. But all these, though of e 
subtle a substance, are in their occasional effect* 
the most powerful agents of nature. For, orail 
ting the consideration of their silent but wondi 
ful operation, as exhibited in the process of ve; 
tation. and in many other processes less open 
observation, let us consider the occasional effecl 
of air in the violence of a tornado ; or of wati 
in the inundation of a rapid river : or let us coi 
template the effect of either an indefinite dii 
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' nutioa or increase of heat ; on the one hand, the 
natural process of animal tiecomposition arrested 
by its abstraction, so that the imbedded mam- 
motli remains at this moment in the same state 
that it was four thousand years ago ; and in 
which, under the same circumstances, it un- 
doubtedly would be, four thousand or four mil- 
lion years hence ; on the other hand, the possi- 

pbility of the dissipation of all the constituent 

l|karU« of matter, or their fixation in the state of 
glass, resultino; from the agency of indefinitely 
increased heat : or, lastly, let us consider the 
tremendous effects of condensed electricity in 
the form of lightning : — and we^hall necessarily 
acknowledge tliat though in their usual state the 
constituents of the atmosphere are among th.e 
most tranquil agents of nature, yet, when their 
power is concentrated, they are the most awfully 
energetic. 

In the mineral kingdom the most characteristic 
property of the several species appears to be a 
disposition to a peculiar mode of mutual attrac- 
tion among the particles composing the indivi- 
duals belonging to them ; from which attraction, 
when exerted under the most favourable circum- 
stances, result that symmetry and regularity of 
form, to which the term crystal has been ap- 
plied. Tlie transparency and degree of hard- 
ness of crystals are various, and depend much 
upon external circumstances. The form is funda- 

~ b3 
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mentally the same for each species, though ca- 
pable of being modified according to known 
laws ; and the substance is chemically the same 
tliroughout its whole extent. Every atom of a 
crystallized mass of gypsum consists of water, 
lime, and sulphuric acid, united in the same pro- 
portions as are found to exist in the whole mass, 
or in any given part of it. 

The individuals of the vegetable kingdom differ 
very remarkably from those of the mineral, both 
in form and substance. In their form we see 
nothing like the mathematical precision of crys- 
tallization ; and in their substance they differ 
widely, according to the part of the vegetable 
which is examined : so that, independently of 
previous knowledge of the species, we could 
hardly discover any natural relation between 
the several constituent parts of the individual. 
What is there in the insulated leaf of a rose or 
of a peach tree, that would lead us to expect the 
fruit of the one or the flower of the other? But 
the most remarkable line of distinction between 
vegetables and the individuals of the preceding 
kingdom consists in their mode of increase and 
reproduction. Minerals can only increase, as 
Buch, by the apposition of particles specifically 
similar to themselves ; and can only be originally 
produced by the immediate combination of their 
constituent elements. But vegetables have an 
apparatus within them, by means of which they 
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van assimilate the heterogeneous particles of the 
surrounding soil to their own nature ; and they 
have also the power of producing individuals 
Bpecitically the same as themselves : in common 
language, they are capable of contributing to 
their own growth, and to the continuation of 
their species. And as they produce these effects 
by means of internal organs adapted to the pur- 
pose, they are hence denominated organized 
bodies. 

The individuals of the animal kingdom very 
loseiy resemble those of the vegetable in the 

o properties just described. The respective 
organs differ, as we might expect, in their form 
and position ; but in tlieir functions or mode of 
aetion, there is a strong analog^', and even simi- 
larity, throughout. But animals differ from vege- 
tables more remarkably than these do from every 
unorganized form of matter, in being endued 
with sensation and volition ; properties which 
extend the sphere of their relations to such a 
degree, as to raise them immeasurably above 
all other forms of matter in the scale of ex- 
istence. 

In distributing the individuals of the material 
world among these four kingdoms of nature, 
there occasionally prevails considerable ob- 
scurity, not only with respect to the true place 
which an individual ought to occupy in the 
scale (^ a particular kingdom ; but even with 
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respect to the question, under which of the four 
kingdoms it ought to he arranged ; this ob- 
scurity arising of course from the points of re- 
semblance apparently balancing, or more than 
balancing, the points of difference. Let us for 
instance, in the atmospherical kingdom, take a 
fragment of a perfectly transparent crystal of 
pure ice ; and, under ordinary circumstances, it 
would be difficult, either by the sight or the 
touch, to distinguish it from a fragment of trans- 
parent quartz, or rock crystal : indeed the trans- 
fer of the original term njivarakko;, from the one 
to the other, shews the close resemblance of the 
two. Some minerals again so nearly resemble 
vegetables in form, as to have given rise to spe- 
cific terms of appellation, derived from the vege- 
table kingdom; as Jlos Jerri, miiieral agaric, &c. 
And, lastly, many of the animals called sea-ane- 
mones so far resemble the flower called by the 
same name, that their real character is at first 
very doubtful to those who are unacquainted 
with the animals of that genus. But, omitting 
these rare and equivocal instances, and avoiding 
the confinement of abstract definitions, we may 
safely afiirm that, of all the kingdoms of nature, 
the individuals of the animal kingdom have the 
most extensive and important relations to the 
Burroimding universe. And I need not here in- 
sist on the obvious inference, that if among the 
kingdoms of nature animals hold the first rank. 
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in consequence of the importance of these rela- 
tions, among animals themselves the first rank 
must be assigned to man. 



CHAP. 11. 
The Physical Character of Man. 

SECT. I. 

The Physical Character of Mauy compared with that qf 

other Animals. 

Although, when viewed in the aggregate 
of his faculties, moral as well as physical, man 
confessedly holds the first rank among animals ; 
yet, if we exclude from our ' consideration those 
intellectual powers and moral qualities by which 
he is essentially characterized, and confine our 
view to his mere animal nature, we find that he 
scarcely diflfers in any important point from any 
of the species of the higher classes. In each 
there is the same necessity for air, and sleep, 
and food ; and the nature of the food and the 
mode of its digestion are not materially dif- 
ferent : the nutrient fluid extracted by the pro- 
cess of digestion is converted into blood of the 
same character, and distributed in the same 
manner through the system: the constituent 
parts of the body and their mode of growth are 
almost precisely the same ; for the bone, muscle, 
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tendon, skin, hair, and brain of the horse, or 
deer, or tiger, or bear, scarcely dliFer in tlieir 
physical or cliemical characters from the corre- 
spondent parts in man: similar secretions, as the 
bile, tears, and saliva, are separated by simUariy 
constmcted organs; and similar parts become 
similarly diseased : the special senses of sight, 
hearing, taste, and smell, are exercised through 
the medium of similar oi^ns, simply modified 
according to the particular wants of individual 
species: the sources of mere bodily pain or plea- 
sure are generally the same : the instinctive af- 
fections, passions, and propensities are the same, 
and are manil'ested in the same way ; tlie angry 
look of a dog, for instance, bespeaking the inter- 
nal feeling as strongly as that of the man ; and 
the playful and rapid movements of the young 
puppy resembling the careless hilarity of child- 
hood, no leas than the stayed motions and wary 
eye of the aged hound resemble the sedateness 
of the aged human being. 

Probably, however, it would be nearer the 
truth, were we to say that man, if divested of his 
intellectual powers, and endued merely with his 
animal nature, would be inferior to the brutes; 
for, possessing, as is the case, very few of the 
prospective or preservative instincts, he would 
be unable, without the aid of his intellectual 
powers, to provide for some of his most impe- 
rious wants. 
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kBut we may go even further than this. Let 
U8 suppose, for instance, a community of human 
individuals, who, though not gifted with a suffi- 
cient degree of intellectual powers to instruct 
others, or improve themselves, were yet endued 
with them to a degree sufficient to render them, 
if the opportunity offered, docile to a certain ex- 
tent, and capable of executing many of the com- 
mon offices of life ; (and what toflii or village 
does not present to our observation individual 
instances of such unliap]>y shadows of human 
nature!) how could a community like tliis exist; 
in which, though all, by the terms of the suppo- 
sition, were capable of learning something, yet 
none wonld be capable of teaching any thing? 
of what use under these circumstances would be 
that " instniment of instruments" the human 
hand, where there was no presiding mind to 
direct its movements ! And, with respect to that 
wonderful auxiliary of the human powers, how 
incorrect is tlie reflection of those who have as- 
serted that men are superior to brutes, only be- 
cause they possess this instrument : and how 
truly philosophical is the opposite reflection, 
that man is not superior to other animals be- 
cause he possesses this instrument ; but he is 
provided with such an instrument precisely be- 
cause he is already superior to all other animals. 
And the converse is equally true, that, with in- 
tellectual powers of even a higher order than 
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those which they already possess, human beinge 
could not live in a state of society, could hardl^^ 
indeed exist in any state, unless furnished with 
such an instrument as the hand. 

SECT. u. 

Differences in the Form of the Infant and of the Adult ; 
partictdarly with reference to the Spine. 

And yet, notwithstanding the confessed supe- 
riority of man, if we view him only in the in- 
fancy of his individual existence, what is there 
that is calculated to give an earnest of his future 
vigour and activity, either Math respect to bodily 
or mental powers ; and what are all the advan- 
tages of the external world to a creature so ut- 
terly helpless, so utterly incapable of using or 
even passively enjoying them ? In fact, with the 
exception of a very few instinctive rather than 
voluntary acts, such as that of deriving its nutri- 
ment from the mother's breast, the infant is, from 
the feebleness of its powers, incapable of efficient 
exertion ; and depends entirely on the assistance 
of those around it. 

The physical differences, observable in com- 
paring the structure of the infant with that of the 
adult, which enable the one to execute many 
operations of which the other is incapable, exist 
to a certain eitent in every part of the body ; 
but are perhaps more remarkable in the spine 
than in any other part: and the spine there- 
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may be selected aa a fit term of com- 
parison. 

In considering the office of the adult spine, 
with a view to the present subject, we find that 
great strenji^h, combined with great flexibility, 
is particularly requisite. With reference to 
strength, the pyramidal form of this natural 
column is obviously conducive to the purpose 
intended; and the arrangement of the solid mat- 
ter, of which it is composed, is such as to contri- 
bute to the same effect ; for that solid matter, in- 
stead of being collected into one compact mass, 
is diffused in such a manner as to resemble the 
structure of sponge ; and it is well known, with 
reference to the strength of artificial columns, 
that, the same quantity of matter being given 
for each, and their height being the same, those 
columns which are hollow are stronger than those 
which are solid. Again, the whole column is 
made up of mimerous parts, called vertebra, 
which are so firmly bound together as to lessen 
the chance of being broken in the act of bend- 
ing ; and these vertebrae being applied to each 
other, throughout, by broad horizontal surfaces, 
are thus best calculated to support the perpen- 
dicular pressure of the superincumbent parts. 
The effect of general strength is further accom- 
plished by the mutual locking in of the project- 
ing portions, or processes, of the several verte- 
B^ the same effect is accomplished to an 
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additional extent among those vertebrfe which 
belong to the thorax or chest, by the mode of ar- 
ticulation between them and the ribs; each rib 
being united, not entirely to a single vertebra, 
but partially to two contiguous vertebriP, near 
their line of junction. 

The flexibility of the spine is secured to the 
utmost requisite extent, by the great number of 
articulations or joints which it possesses, amount- 
ing to more tlian twenty; as well as by the elas- 
ticity of the substance constituting those joints : 
and the projecting parts or processes of the se- 
veral vertebrfe, which serve for the insertion of 
the muscles and tendons which are to move the 
whole, are differently disposed in the neck, the 
back, and the loins ; so as to be accommodated to 
the degree and kind of motion required in each : 
thus the vcrtebne of the neck admit of a lateral 
motion to a greater extent than those of the 
back ; and the vertebrse of the back admit of 
flexion and extension to a greater degree than 
those of the neck ; while the vertebrae of the 
loins, being intended for support rather than 
flexibility, have their processes so distributed, 
as to contribute principally to the former of 
those effects. 

Thus far we have considered the conditions of 
the adult spine, and have seen that they are cal- 
culated most admirably both for flexibility and 
for strength. Let us now examine the same co- 
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nn in the age of early infancy ; and here we 
shall see, that, although at that period the parts, 
in which the conditions of strength and flexibility 
are so remarkably developed in the adult state, 
are not yet formed, or not completed ; those 
parts which are essential to the security of the 
life of the individual are nearly in as perfect a 
state as at the age of manhood : so that in the 
midst of the most decided marks of weakness 
and imperfection in the rest of the column, there 
is an extraordinary instance of strength and per- 
fect growth, in precisely that part of it which 
could not have been left in an incomplete state, 
without manifest, immediate, and constant dan- 
ger to the individual. In other words, the bodies 
and processes of the several vertebrae on which 
the strength and flexibility of the spine depend, 
are in early infancy stiti in a soft or cartilaginous 
state; while the annular portions, which with 
their intervening ligaments constitute the spinal 
canal, are completely ossified ; so as to give as 
great a degree of security to the spinal marrow 
as at the age of manliood. 

Nor need we spend much time in ascertaining 
the final cause of this remarkable difference. Is 
it not indeed obvious on a moment's reflection, 
that the very helplessness and imperfect state of 
the physical powers in infancy, so ill understood 
and appreciated, though so beautifnily described 

f LacretiuB, contribute to the fuller develope- 
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ment of the moral character, not only of the in- 
dividual, but of his parents also, and of all his 
immediate connexions. The mutual aflection, 
for instance, that takes place and is cemented 
between the infant and its mother, during the 
lengthened period in which the latter nurses her 
offspring; the stimulus, which is given to the 
exertions of the other parent in supplying the 
increasing wants of those who depend on him 
for support ; and the general feeling and expres- 
sion of good-will aud attachment, which bind 
together tlie numerous individuals of the same 
family ; all coincide to increase the sum of hu- 
man happiness and virtue. Whereas, were the 
infant bom with all its powers complete, and 
capable of exerting those powers as soon 
born, independently of the assistance of parent, 
or sister, or brother ; what would then remain 
of those endearing relations, but the empty 
name] 

How incorrect then is the conclusion of the 
poet in that otherwise most beautiful passage of 
his poem ! " The new-born babe, which, like the 
" shipwrecked mariner, lies prostrate on the 
" ground, naked and destitute of every assist- 
" ance required for the support of life, pierces 
" the surrounding air with its incessant cries j 
" as if foreseeing the long train of miseries which 
" it must hereafter encounter. And yet the ten- 
'* der foal and lamb not only begin to crop the 
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grass, but play about the mother almost as 
soon as bom. The nurse's soothing lullaby is 
not wanted by them, nor the excitement of the 
" rattle or of any other toy : nor do they require 
a change of dress accommodated to the chang- 
ing temperature of the surrounding atmo- 
sphere; nor arms for their defence, nor walled 
ckies for their protection ; kind nature sup- 
plying to them in bountiful profusion what- 
ever is necessary to satisfy their wants *.'* As 
if it might not have been reasonably and safely 
concluded, that that same power, (call it *' nature,'* 
or by any other name,) which provided so amply 
for the early wants of the lower species of ani- 
malsr had some good and special reason for 
leaving the human infant in a temporary state 
ai helpless weakness. 

* Turn porro Puer, ut ssevis projeetus ab undis 
Navita, nudus humi jacet^ infioLns, indigus omni 
Vitali auxilio^ cum primum in luminis oras 
Nixibus ex alvo matris natura profudit ; 
Vfigiluqae looam lugubri complete ut lequnm 'st. 
Cm Uatusa in vita restet tranare malorttin. 
At varise cisescunt Pecudes, AimentA, Ferieque ; 
Nee crepitacula eis opu' sunt, nee cuiquam adhibenda 'st 
Alms nutricis blanda atque infracta loquela : 
Mec varias quienint Vesteis pro tempore Cceli. 
Deni^ue non Armis opus eA, non Mcsnibus altis^ 
Queia sua tutentur« quando omnibus omnia large 
Tellus ipsa parity naturaque dsedala rerum. 

Lib. V. 223—235. 
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SECT. III. 

Physical Superiority ofMan^ on what Principk to be 

estimated. 

From this helplessne^ in his early years, and 
from the occasional inferiority of .some of his 
physical organs to the corresponding organs of 
brutes, it has sometimes been absurdly asked 
what claim man has, from his physical structure 
or powers, to be placed first in the scale of ani- 
mal beings. His strength, what is it to that of 
the elephant or of the horse, or even of some 
species of reptiles or fish ? his powers of sight 
and motion, what are they to those of the bird ? 
his sense of odours, to that of the dog ? his touch, 
to that of the spider ? 

And yet, even if we entirely omit the con* 
sideration of the soul, that immaterial and im- 
mortal principle which is for a time united to 
his body, and view him only in his merely ani- 
mal character, man is still the most excellent of 
animals. How confined are the powers of other 
animals, considered generally, when compared 
with those of the human species. The comb of 
the bee indeed is in its construction wonderful ; 
and so is even the nest of the bird, or the habi- 
tation of the beaver: but these animals could 
never be taught to fabricate, or to use, the sim- 
plest of those machines or instruments, which 

* 

man, even in a very partially civilized state, is 
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in the daily habit of making and employing: 
much less could they be taught to perform tho^ 
complicated operations which result from their 
employment. 

But, it may perhaps be said, it is the mind, 
the intellectual power of man, which enables 
him to produce the effects in question. His 
mind indeed enables him to conceive the plan 
of those operations which he executes, but it 
does no more : and were his form deficient by 
one of the smallest of its present members, he 
would be rendered nearly helpless. Take from 
his hand but one of the fingers, and he could do 
nothing. It is the human hand which gives the 
power of execution to the human mind ; and it 
is the relative position of one of the fingers to 
the other four, which principally stamps the 
character of the hand ; for the thumb, by its 
capability of being brought into opposition with 
each of the other fingers, enables the hand to 
adapt itself to every shape; and gives it that 
complete dominion which it possesses over the 
various forms of matter \ 

Give all the intelligence therefore that you 
please to the horse, or to the elephant, yet with 
hoofs instead of hands it is physically impos- 
sible that they could construct the simplest in- 

** The term poltroon, if not of fancied etymology, (poUke 
ftuncatus,) verifies this statement ; the Roman soldier who had 
been deprived of his thumb, being deemed unfit for service. 

c2 



20 PHYSICAL CHARACTER OP MAN. 

Btmiuent ; nor could the oi^ans even of the 
beaver, were that animal gifted with the highest 
intellectual powers, enable it to effect much more 
than it is capable of effecting; at preaent. 

Man then is in every sense superior, in or^n 
ization as well as in intellectual powers, to all 
other animals ; and the degree of resemblance 
to him, as thus superior, is the main principle of 
classification adopted at the present day : and 
upon tlie whole it will be found tiiat, in propor- 
tion as the powers and relations of animals are 
extensive, their stnicture resembles that of man 
And, with respect to the degrees of this resem- 
blance, it may be observed that occasionally it 
is so strong, as to constitute all but identity of 
form, as in some of the quadrumanous animals, 
or apes ; while in others it is so faint, as to ren- 
der it questionable whether we are viewing an 
animate or inanimate body, as in several va- 
rieties of sponge. It is evident that the stability 
of the principle of classilication, now described, 
depends on the permanency of the specific form 
of animals : and it will be found that nature has 
guarded this point in so sacred a manner, that 
after the lapse of thousands of years, the iden- 
tity of the species may be not only traced, but 
demonstrated, when nothing but the almost 
mouldering bones of the individual remain. 
But tliis subject vrill be considered more at 
large hereafter. 
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As then, in estimnting the moral or intellectual 
characters of particular men, we are not influ- 
enced by the consideration oi" insulated defects 
or excellences, but of the aggregate powers and 
qualities of the individual ; so, in comparing 
other animals with man, we ought not to affirm 
that they approach nearer to the standard of his 
perfection in proportion as they approach nearer 
to him in the structure of this or that part, or in 
the developement of particular powers or quali- 
ties; but in proportion to that approximation 
which results from the balance of their structure 
and powers considered collectively. And on tliis 
principle, however nearly a few of them may re- 
semble him, they never can approach even the 
confines of an equality of nature; whatever 
some 8|>eculative individuals have presumptu- 
ously supposed, or others in their simplicity 
have feared. Thus the resemblance to the hu- 
man form, as well internally as externally, is so 
remarkable in particular species of the ape, that 
while some philosophers (who however pro- 
ceeded without a knowledge or a due considera- 
tion of the tnie principles of the science con- 
cerned in their reasonings) have maintained 
that the ape and man are but varieties of the 
same species, or at most but diiferent species of 
the same genus ; others, with an unnecessan^' 
anxiety, have laboured to vindicate the supposed 
lit thus offered to the dignity of human na- 
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ture, by searching for some fixed and invariable 
difierence in the structure of correspondiilg parts 
of each. 

But the question is puerile : for let us even 
suppose that the whole and every part of the 
structure of the ape were the sieime as that of 
man; let every bone, and every muscle, and 
every fibre of the one correspond exactly with 
those of the other, not only in form and situa- 
tion, but also in size and proportion ; let the brain 
itself, that tangible instrument of the intellectual 
powers, be in structure the counterpart of the 
human ; yet, unless^ in its functions it resembled 
that of man, in other words, unless there were 
associated with it his intellectual peculiarities 
and the moral and religious sense, to what dread- 
ed conclusion would the closest resemblances 
lead? However near the approximation in their, 
form, in their nature there must ever be an im- 
measurable distance between the two. The ape, 
compared with man, may indeed be among other 
animals '' proximus huic :" still however it must 
be added, " longo sed proximus intervallo." 

SECT. IV. 

Early and gradual Developement of ^ the mteUectual 

Faculties of Man. 

The helplessness of infancy then, is but tem- 
porary : and a new scene soon opens to the con- 
templation of those who have sufficient opportu- 
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of watching the developement of the human 
■acter : for, long as is tlie period, compared 
the natural temi of his own life, and longer 
still, compared with the corresponding period in 
the life of other animals, before man attains the 
fill! stature of his mind as well as of his hody ; 
he at a very early season begins to manifest the 
superiority of his intellectual nature : he very 
soon begins to collect those materials for future 
use, which, though he will never hereafter be 
lie to call to mind the moment or the circum- 
ices of their accession, he will use as effectii- 
iy as if he had originally acquired them by in- 
dustrious and direct attention. 

It does not fall withhi the intention of this 
,tise to attempt to ascertain the period when 
first dawn of intelligence enlightens the 
countenance of the infant; but, undoubtedly, 
among its earliest beams are those expressive 
.iles, which, although they are occasioned by 
aspect of the mother, and are perhaps only 
nected with the expectation of an animal 
pleasure, namely the simple enjoyment of nou- 
rishment, yet are soon elicited by other indi- 
viduals also, who may understand bow to win 
the attention, and amuse the faculties of the in- 
fant mind. 
Jt seems as if there were implanted in the 
Bing of all animals, of the higher order.-?, an 
rtinctive propensity to those actions which are 
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naturally determined by their specific form when 
fiiUy developed ; in order perhaps, among other 
purposes, to give occa»ion for that exercise of the 
limbs which is necessary to the health of the in- 
dividual. Hence the young ram couches his 
head, and tilts at his adversary, long before his 
honiB have appeared ; and the young pheasant 
assails his antagonist with his projected legs, 
long before his spurs liave begun to bud. And, 
I following this analogy, may we not reasonably 
' suppose that the sports of childhood have a na- 
[ tural tendency to prefigure the occupations of 
' manhood; and that by the extension of the same 
I principle, independently of the impulse given by 
systematic education, or spontaneous imitation 
o£ their parents and others, there are instinctive 
differences in the amusements of children of dif- 
ferent temperaments, connected with their future 
destinations in life ! Thus while the boy is en- 
ged in the mimicry of military parade or 
equestrian exercises, the girl devotes her time 
I' to more feminine occupations, and busies herself 
I in acting the various duties which her nursery 
or household wUl hereafter require. The re- 
corded attempt to conceal Achilles in female 
attire, whether founded in fact, or, as is pro- 
bable, merely a fictitious anecdote, will serve 
to illustrate the present point ; inasmuch as 
the use of the means, said to have l>een em- 
ployed by Ulysses to detect the hero, was evi- 
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3ently suggested by the principle jtist now ad- 
vanced . 

At this early period of life then, the judgment 
being not sufficiently matured for deeper obser- 
vation, the mind is satisfied with a view of the 
fonii and surface of objects presented to it; witli 
their anatomy, as it were, rather than witli their 
physiology : but, in the mean time, it is thus 
acquainting itself undistractedly with those sen- 
sible qualities, with which it must necessarily be 
familiar before it can ]>roceed to reason on causes 
and relations. And although it may apjiear at 
first view that a very disproportionately long 
period of our life is devoted to the mere exercise 
of the senses, it is yet highly probable that im- 
portant mental operations may be simultane- 
ously going on, though we are at the time un- 
conscious of them : for something analogous is 
observable throughout the whole course of our 
existence. How few there are, for instance, who, 
at any period of life, can call to mind a tenth 
part of what they have even recently heard or 
observed. And if this may be correctly affirmed 
of the adult age of life, and of those individuals 
whose original powers of mind are great, how 
much more strongly will it apply to those whose 
original powers of mind are not above the com- 
mon standard, or not yet matured by age. So 
that there can be very little doubt that the gene- 
^^kbI principles and rules, which regidate the rea- 
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soiling and conduct of men on ordinary occa- 
Mons, have been originally deduced by each 
mdividaal from much of what has been long 
forgotten. 

It has been asserted by persons'^, whose in- 
I tellectuai powers were of the highest order, and 
I whose indu9tr)' was as remarkable as their abili- 
ties, that more than six or eight hours in each 
day could not be employed etFectively by the 
generality of young men for the purpose of men- 
tal improvement. If this however be the case, 
and as a genenil position it probably is not very 
I fer from the tnith, in vain does the ambitious 
I student rob nature of that sleep which Provi- 
I-dence has made necessary for the renovation of 
the exhausted powers of our mind, as well as of 
our body; and in rain also does he attempt to 
combine simultaneously the eiforts of mental at- 
tention with bodily exercise, or to pursue his 
sevei'er studies during the hour of meals: in 
both which cases, they, who adopt the custom, 
not only err in employing too continuous an ap- 
plication of the powers of the mind ; but in im- 
peding to a certain and often very inconvenient 
degree the process of natural res]>iration ; and, 
consequently, of other functions of the body, 
particularly of digestion. How main a point 

' Lord chief justice Hale ; (see BoNwell's Life of Johnson, 
vol. ii. p. 51 1, 4tii. London. 1 791 :) not to mentiun living au- 
thorities. 



PHYSICAL CHARACTER OF MAN. 27 

ought it to be therefore with those who superin- 
tend the education of young persons, to avoid 
the application of too great a strain on the natu- 
ral spring of the intellectual powers. 

It is questionable whether at any period of life 
the correspondence between the external world 
and the sensitive and intellectual faculties of 
man, is so rapid, so vivid, and so effectual, as 
during that space which is intermediate to in- 
fiEtncy and adolescence : and this fact, if it be so, 
may be explained by that principle of our na- 
ture, on which depends the love of novelty; 
namely, that susceptibility of the nerves which 
makes them capable of being stimulated more 
vehemently by new, than by accustomed im- 
pressions: for certainly this principle is likely 
to be more exercised in proportion as we are 
nearer the period of infancy; since every im- 
pression is then either absolutely new, or has not 
yet rendered the nerves dull by too frequent a 
repetition of its application. Another happy in- 
stance of the harmony that exists between the 
nature of man and the external world, is the 
readiness and confidence with which at this 
early period of life the impressions of sense are 
received. Where all is new, and therefore equally 
matter of wonder, there is yet no room for doubt. 
Nature teaches the mind to receive every thing 
without distrust, and to rely implicitly on those 
inlets to knowledge, the impressions of sense» 
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which are destined to be its only ^ides in the 
first years of life. Scepticism is not the tendency 

[ of childhood : and perhaps it is with reference 
to the analogy between the eye of faith and the 
eye of senRe at ihis early period of life, that our 

' SaTiour pronounces a blessinff upon those who 

I receive the evidences of our religion with the 

' rimplicity of little children. 



CHAP. III. 

Oh the Powers of the human Hand, considered 
as a corporeal Organ. 

At length however, having passed the pre- 
paratory discipline both of natural and of pa- 
I rental education, and having arrived at the ma- 
I turity of his powers, man is fitted to exercise his 
t Empire over the external world. 

But before we consider the character of the 

I materials provided for the supply of his various 

I wants, or for the exercise of liis intellectual fa- 

I eulties, let us examine more closely than hitherto 

the condition of those corporeal organs, by the 

agency of which he is enabled to produce the 

results intended. 

There can be no doubt that those organs are, 
if not exclusively, at least preeminently, the 
brain and the hand: of tlie latter of which, 
not only are the uses of the several parts and 
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of tiie whole made practically manifcBt every 
moment of our lives; but its antecedent capa- 
bilities are m> open to the investigating eye 
oi" reason, as to afford one of the readiest sub- 
jects of phyfiical demonstration. And although, 
with respect to the brain, we not only have no 
satisfactory evidence, but cannot even form a 
probable conjecture, of the use or mode of ac- 
tion of any particular part ; yet we cannot doubt 
that it is the instrument by which our intel- 
lectual powers hold communion with externa! 
nature. 1 shall dedicate therefore this and the 
following chapter to the consideration of the 
leral historj-- of these oi^ans. 

It woold be aii invasion of the province of 
others to give an anatomical description of the 
several constitueni parts of the human hand : 
but iu saying that its adaptation to the various 
pnrposes to which it is applicable is so open to 
the investigating eye of reason, as to afford one 

tlie readiest subjects of physical demonstra- 
a tacit reference was made to that remark- 

ile part of the writings of Galen, in which he 
expatiates upon the capabilities of this wonder- 
ful instrument : and tliat that extraordinary 
writer could hardly have selected a better sub- 
ject, for the exercise of his powers in intellectual 
analysis, will be readily granted on a jierusal of 
the following passages ; provided they correctly 
represent the spirit of the original. 



POWERS 4>F THE HUMAN HAND, 

In that portion of his works which bears this 
, title, " On the Use of the various Parts of the 
i Body," after having defined what is to be un- 
derstood by the term part, or member, as applied 
I to an animal body, Galen proceeds in the fol- 
lowing manner'': "'But all tiiese parts of the 
I " body were made for the use of the soul, that 
' sentient and intelligent principle which aiii- 
' mates the body, and of which the body is 
' merely the organ ; and on this account the 
' component parts of animals differ according 
' to the nature of this principle : for sonic ani- 
' mats are bold and tierce ; others are timid and 
' gentle : some are gregarious, and cooperate for 
' their mutual sustenance and defence ; others 
' are soiitarj-, and avoid the society of their fel- 
' lows : but all have a form or body accommo- 
' dated to their natural dispositions and habits. 
" Thus the lion has powerful fangs and claws; 
" the hare has swiftness of foot, but in other 
" points is defenceless. And the fitness of this 
"arrangement is obvious: for those weapons 
" with which the lion is furnished are as appro- 
" priate to his nature, as they would be useless 
•' to the timid hare ; whose safety, depending 
" entirely on flight, requires that swiftness of 
" foot for which she is so remarkable. But to 
" man, the only animal that partakes of divine 
" intelligence, the Creator has given, in lieu of 

d Lil). I. i-ini. -J. 
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'* every other natural weapon or organ of de- 
'* fence, that instrument, ihe hami; an instru- 
'' nusiat applicable to every art and occasion, as 
well of peace as of war. Man therefore wants 
not a hoof, or horn, or any other natural wea- 
'' pon ; inasmuch as he is able with his hand to 
grasp a much more effective weapon, the sword 
or spear. Besides which, natural weapons can 
be employed only in close conflict ; while some 
" of the weapons employed by man, as javelins 
" or arrows, are even more effectual'at a distance. 
^« And, again, though man may be inferior to 
"the lion in swiftness, yet by his dexterity and 
" skill he breaks in to his use a still swifter ani- 
'' mal, the horse ; mounted on whose back he 
'' can escape from or pursue the lion, or attack 
" him at every advantage. He is enabled more- 
** over by means of this instrument to clothe 
'^ himself with armour of various kinds, or to en- 
" trench himself within camps or fenced cities. 
" Whereas were his hands encumbered with any 
'' natural armour, he would be unable to employ 
'^ them for the fabrication of those instruments 
'' and means, which give him such a decided 
** advantage over all the other animals of cre- 
'' ation. 

" Nor have we yet enumerated the most im- 
" portant of those privileges which the hand im- 
" parts to man. With this he weaves the gar- 
'' ment that protects him from the summer's 
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" heat, or winter's cold ; with this he forms the 
" varioua fiiriuture of nets and snares, whicli give 
** him dominion over the inhabitants as weU of 
*' the water as of the air and earth ; with his 
" hand he constructs the iyre and lute, and the 
" numerous instruments employed in the several 
" arts of life ; with the hand he erects altars and 
" shrines to the immortal gods ; and, lastly, by 
" means of the same instrument he bequeaths to 
" posterity, in writing, the intellectual treasures 
" of his own divine imagination : and hence we, 
*' who are living at this day, are enabled to hold 
" converse with Plato and Aristotle, and all the 
" venerable sages of antiquity." 

In reasoning on the utility of the hand, as 
characteristic of the human species, Galen thus 
expresses himself e; "Man being naturally de- 
" Btitute of corporeal weapons, as also of any 
" instinctive art, has received a compensation, 
*' first in the gift of that pecuUar instrument the 
" hand, secondly in the gift of reason ; by the 
" employment of which two gifts he arms and 
*' protects his body in every mode, and adorns 
" his mind with the knowledge of every art. 
" For since, had he been furnished with any 
" natural weapon, he would have possessed the 
" use of this alone on all occasions ; or had he 
" been gifted with any instinctive art, he would 
" never have attained to the exercise of other 

' Lib. I. cap. -1. 
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arte ; hence he was created destitute of those 
insulated and individual riteaiis md arte, which 
chi^cterize otlier animals ; masmuch as it is 
manifestly preferable to have the powe* of 
making use of various means and various arte. 
Rightly, therefore, has Aristotle defined the 
hand to be the instrument antecedent to, or 
productive of, all other instrumente : and 
rightly might we, in imitation of Aristotle, de- 
fine reason, as opposed to instinct, to be the 
art antecedent to, or productive of, all other 
arte. For as the hand, though itself no par- 
ticular organ, is yet capable of being adapted 
to all other oi^ans, and is consequently ante- 
cedent to them ; so reason, though itself no 
particular art, is yet capable of comprehend- 
ing and applying all; and may therefore be 
ccmsidered as an art antecedent to all others. 
Thus man alone, of all animals, possessing in 
his soul this general and original capacity, is 
justly endued in his body with this general 
and original instrument." 
'* ^Let us then scrutinize this member of our 
body ; and inquire, not simply whether it be 
in itself useful for all the purposes of life, and 
adapted to an animal endued with the highest 
intelligence ; but whether its entire structure 
be not such, that it could not be improved by 
any conceivable alteration. 

^ Lib. i. cap. 5. 
D 
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" In the tirst place, it posiM^ses in an eminent 
" degree a leading quality of an oi^an of grasp; 
" since it readily applies itself to, and securely 
" holds, bodies of every form and size that are 
" capable of being moved by human strength 
" Nor need we inquire whether it be better for 
" this purpose that it shouJd be divided into 
" several parts ; or, that it should be altogether 
*' undividetl : for is it not apparent without fur- 
" ther reasoning, that had it been undivided, it 
" could have gi-asped only just such a portion 
" of every object presented to it, as was equal 
" to itself ; but that, being divided into many 
" parts, it cau both easily grasp botlies much 
" larger than itself; and can accurately search 
" out, and lay hold of, the smallest particles of 
" matter. For to the former it is capable of 
" generally applying itself so, as to encompass 
" them by the separation of the fingers ; while 
*' ia laying hold of very minute objects, the en- 
" tire hand is not employed, but only the tips 
" of two of the fingers: because from the grasp 
" of the whole hand minute objects would easily 
" escape. 

" Thus tlien the hand is framed in the man- 
" ner most convenient for laying a firm hold on 
" objects both greater and less than itself. And 
" in order to enable it to apply itself to objects 
" of various shapes, it is evidently most conve- 
" nient that it should be divided into many 
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" parts, aa it is: and it seems to be better con- 
" 8tituted for this purpose than any similar in- 
" stnuncnt ; for it not only can apply itself to 
" substiuices of a spherical form, so as to touch 
" them with every part of itstilf; hut it also can 
" securely hold substances of a plane or of a 
"concave surface; and, c 'nsequently, it can 
*' hold substances of any form. 

'* And, becatise many bodies are of too great 
" a size to be held by one hand alone, nature 

I las therefore made eacb hand an assistant to 
te fellow ; so that the two, when together lay- 
Dg hold of bodies of unusual bulk, on opj^msite 
ides, are fully equivalent to a single hand of 
he very largest dimensions : and, on this ac- 
" count, the hands are inclined towards, and in 
"every point are made equal to, each other; 
hich is at least desirable, if not necessary, 
ipstmmeots intended to have a combined 
:tion. 

" Take then any one of those unwieldy bodies, 
" which a man can only lay hold of by means of 
" both his hands, as a millstone or a rafter; or 
" take one of the smallest objects, as a millet- 
" seed or a hair, or a minute thorn ; or, lastly, 
'• reflect on that vast multitude of objects of every 
" possible size, intermediate to the greatest and 
" the least of those above mentioned ; and you 
" will find the hands so exactly capable of urasp- 
^^Ljng each particular one, as if they had been 
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" expressly made for grasping that alone. Thus 
" the smallest things of ail we take up with the 
," tips of the fingers; those which ai'e a little lai^er 
" we take up with the Bame fingers, but not \nlh 
" the tips of them ; substances still larger we 
" take up with three fingers, and so ou with 
" four, or with all the five fingers, or even witli 
" the whole hand : all which we could not do, 
" were not the hand divided, and divided pre- 
" cisely as it is. For suppose the thumb were 
" not placed a* it is, in opposition to the other 
" four fingers, but that all the five were ranged 
" in the sauie line; is it not evident that in tliis 
" case their number would be useless? For in 
" order to have a firm hold of any thing, it is 
'* necessary either to grasp it all round, or at 
" least to grasp it in two opposite points; neither 
" of which would have been possible, if all the 
" five fingers had been placed in the same plane 
" but the end is now fully atUiinable, simply in 
" consequence of the position of the thumb 
" which is so placed, and has exactly such a 
"degree of motion, as, by a slight inclination, to 
" be easily made to cooperate with any one of 
" the four fingers. And no one can doubt that 
" natiire purposely gave to the hands a fonn 
" adapted to that mode of action, which they 
" are observed to haveS; while in the feet, where 
" extent of surface is wanted for support, all the 
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are arranged in the same plane. ''But, to 
rn to a point which we were just now con- 
ring, it is not merely necessaiy in laying 
lold of minute objects to employ the extremi- 
ies of the fingers opposed to each other, but 
that those extremities should be exactly of 
the character they are, namely soft, and round, 
and furnished with nails : for if the tips of the 
igers were of bone, and not of fle&h, we could 
t then lay hold of such minute bodies as 
thorns or hairs ; or if they were of a softer and 
moister substance than flesh, neither then could 
ich small bodies have been secured. For, in 
ler that a body may be firmly held, it is ne- 
lary that it be in some degree infolded in 
the substance holding it ; which condition 
could not have been fulfilled by a hard nr 
my material ; and on the other liand, a mate- 
ial too soft would easily yield to substances of 
'hich it attempted to lay hold, and would con- 
tinually let them escape : whereas the extre- 
mities of the fingers are just of that inteime- 
diate degree of consistence, which is calculated 
for their intended use. 

"'But, since tangible substances vary much 
in their degree of hardness, nature has adapted 
the structure of the extremities of the fingers 
to that circumstance ; for they are not Ibi-med 
either entirely of flesh, or of the substance 

^ Lib, i. cap, U. ' Lib. i. cap. 7- 
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" called nail ; but of a most convenient combi- 
" nation of the two : thus those parts which are 
" capable of being mutually brought in apposi- 
" tion, and which are employed in feeling for 
" minute objects, are fleshy ; while the nails are 
** placed externally, as a support to the former. 
" For the fingers are capable of holding soft sub- 
" stances, simply by the fleshy or soft part of 
" their extremity ; but they could not hold hard 
" substances without the assistance of nails; 
" deprived of the support of which the flesh 
" would be forced out of its position. And on 
" the other hand, we could not lay hold of hard 
" substances by means of the nails alone ; for 
" these being themselves hard, would easily slip 
" from the contact of hard bodies. 

" Thus then the soft flesh at the tips of the 
" fingers compensating for the unyielding nature 
" of the nails, and the nails giving support to the 
" yielding softness of the flesh, the fingers are 
" hereby rendered capable of holding substances 
*' that are both small and hard. And this will 
" be more evident, if you consider the effect of 
" an unusual length of the nails; for where the 
" nails are immoderately long, and consequently 
" come in contact with each other, they cannot 
" lay hold of any minute object, as a small thorn 
*' or a hair: while, on the other hand, if, from 
" being unusually short, they do not reach to 
" the extremities of the fingers, minute btfdies 
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** are incapable of being held through defect of 
V'tlie requisite support: but it' they reach exactly 
" to the extremities of the fingers, they then, 
" and then only, fulfil the intention for which 
'* they were made. The nails, however, are ap- 
''^ plicahle to many other puri>os-es besides those 
V. which have been mentioned; as in polishing 
•^and scrapine:, and in tearing and peeling off 
"the skin of vegetables, or animals: and in 
" short, in almost every art where nicety of ex- 
" ecutioQ is required, the nails are called into 
" action." 

In alludinff to the sceptics of his time, the Inn- 
gwage of Gftlen is as follows. " "^ Whoever ad- 
" mirei* not the skill and contrivance of nature, 
" must either be detieient in intellect, or must 
" have some private motive, which withholds 
" him from expressing his admiration. He must 
" be deficient in intellect, if he do not perceive 
" that the human hand possesses ail those qua- 
Kfications which it is desirable it should pos- 
; or if he think that it might have had a 
' form and construction preferable to that which 

* it has : or he must be prejudiced, by having 
' imbibed some wretched opinions, consistently 
' with which he could not allow that contrivance 

* is observable in the works of nature'." 

Lib. tti. cap. ll). 

Gnlen nAAs : " Sucli personH we nre buiuid to pity, na being 
ly infntiiated with respect to so main a point ; while 
D 4 
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Galen then thus sums up this part of the 
gument. ''The contrivances of nature are so 
'' various, and so consummately skilful, that the 
'' wisest of mankind, in endeavouring to seareh 
'' them out, have not yet been able to discover 
" them all °>." And nearly in the same words, 
expressive of the same sentiment, does Solomon 
say—'* Then I beheld all the work of God, that 
" a man cannot find out the work that is done 
" under the sun : because though a man labour 
'* to seek it out, yet he shall not find it ; yea fiur- 
*' ther ; though a wise man think to know it, yet 
" shall he not be able to find it °." 

I may be permitted, perhaps, to subjoin a pas- 
sage firom another part of the same work of 
Galen, though not confined to the same subject ; 
in which, after having noticed many evidences 
of design in the construction of the human body, 
particularly the adaptation, in the number and 

'* at the same time it behoves us to proceed in the instruction of 

** those happier individuals, who are not only possessed of a 

*' sound intellect, but of a love of truth." 

On another occasion^ in reprobating such cavillers, he says : 

(lib. iii. cap. 10.) " But if I waste more time on such profligates, 
virtuous men might justly accuse me of polluting this sacred 
argument^ which I have composed as a sincere hymn to the 
praise and honour of the Creator ; being persuaded that true 
piety to him consists, not in the sacrifice of ^hole hecatombs of 

'* oxen, nor in the offer of a thousand varieties of incense ; but 

" in believing within ourselves, and in declaring to others, how 

'* great he is in wisdom, power, and goodness." 
"» Lib. X. cap. 10. " Eccles. viii. 17- 
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of the parts, to the effect to be produced, 

he breaks out into this remarkable apostrophe : 

*' ° How can a man of any intelligence refer all 

'* this to chance, as its cause : or, if he deny this 

to be the effect of fore,sight and skill, I would 

what is there that foresiglit and skill do 

feet? For surely where chance or fortune 

let, we see not this correspondence and regu- 

' larity of parts. I am not very solicitous about 

" terms; but if you choose to call that chance 

if- which has so nicely constructed and so justly 

istributed all the parts of an animal body, do 

so ; only remember and allow, that in so doing 

" you do not fairly exercise the privilege of 

*' framing new terms; for in this way you may 

call the meridian splendour of the sun by the 

lame of night ; and the sun itself, darkness. 

What ! was it chance that made the skin give 

iway so as to produce a month ! or, if this hap- 

med by chance, did chance also place teeth 

,nd a tongue within that month ? For, if so, 

why should there not be teeth and a tongue in 

le nostrils, or in the ear V Or, to cany on a 

ilar appeal, " did chance dispose the teeth 

themselves in their present order ; which if it 

^were any other than it is, what would be the 

.consequence ] If, for instance, the incisors and 

canine teeth had occupied the back part of the 

mouth, and the molar or grinding teeth had 

« Lib. xi- cap. 7- and f*- 
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* occupied the front, what use could we hare 
' made of either ? Shall we theu admire the skill 

■ •y of him who disposes a chorus of thirty-two 
Ttf men in just order ; and can we deny the skill 
r* of the Creator, in disposing the same number 
I « of teeth in an order so convenient, so nec^- 
I ♦* sary even for our existence ?" 

He then extends the argument to the teeth of 
I Ather animals, as corresponding with the nature 
I of their food ; and also to the form of their feet, 
having a relation to the character of their 
I teeth. 

' Never," says Cuvier, one of the most expe- 

i jienced physiologists of the present age, " never 

V do you see in nature the cloven hoof of the ox 

" joined with the pointed fang of the lion ; nor 

I *' the sharp talons of the eagle accompanying 

I •* the flattened beak of the swan." 

In corresponding expressions Galen exclaims, 

' pHow does it happen that the teeth and talons 

[ ** of the leopard and lion should be similar ; as 

I '• also the teeth and hoofs of the sheep and goat ; 

' that in animals which are by nature cou- 

I <• rageous, there should be found sharp and 

* strong weapons, which are never found in 

* those animals that are by nature timid : or, 
" lastly, that in no animal do we meet with a 
" combination of powerful talons with inoffen- 

I' Lib. xi. cap. (J. ed. Kiilui. vol. iii. p. 87^. lin. 3 — 1?. and 
p.882. linia— 17- 
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'■* give teeth ? How slioultl this happen, but that 
' they are all the work of a Creator, wlio ever 
" kept in mind the use and mutual relation of 
" different oi^ns, and the final purpose of all 
'• his works V 



Ott the Brain, considered as the Organ of the 

Intellectual Faculties. 

IT can no more be doubted that many of the 

phenomena of nature, and the imjjortant prarti- 

eal and philosophical conohisions deduced from 

them, would hare been hitherto concealed from 

human knowledee, had man failed to exercise 

ise intellectual facidties with which the Crea- 

has endued him ; than that political commu- 

ities would have failed to exist, and social life 

to be adorned with the arts of civilization, had 

aU mankind determined to pursue the mode of 

adopted by 6avap;e tribes: nor can it be 

ibted that the Creator, in imparting to man 

intellectual faculties superior to those of brutes, 

intended that he should exercise them, not solely 

ith a view to the higher and future destination 

his nature, but also with a view to the pur- 

18 of this present life. 

iSince however the senses of hearint;, sight, 

id touch, which are the great inlets of know- 

Ige, are possessed by many of the inferior 
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clasaes of animals in common with ourselves, by 
some indeed in a more exquisite degree; since 
also those animals are capable of remembering 
past, and conjecturing future events, although 
incapable of the more abstract functions of the 
understanding ; it becomes highly interesting to 
inquire whether there is any thing in the physi- 
cal structure of man which renders him more 
capable of being acted on by external agents, 
with respect to the developement of his intel- 
lectual faculties, than brutes are : in other words, 
whether there is a material instrament in animal 
organization, the general composition of which is 
in obvious correspondence with the degree of 
intellect evinced by diflferent species of animals, 
including man as one of those species. 

Now if any one in the least degree conversant 
with the laws of optics and of sound, were to 
I doubt the adaptation of the structure of the eye 
I and of the ear to those laws respectively, he 
would fairly be ranked among the individuals 
of that class of speculatists whose minds are too 
weak to apprehend any truth. And though there 
is not so obvious a relation between the struc- 
ture of the brain and the exercise of the mental 
faculties, as in the case of the eye and light, and 
of the ear and sound ; yet the indications of a 
natural connexion between the two are both 
clear and numerous. And hence not only have 
philosophical inquirers in all ages acknowledged 
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such a connexion; but the most common ob- 
servers have ever felt an intuitive conviction of 
its * existence, and have considered the brain as 
the , instrument of thought and reason ^ : the 
truth of which assertion is evident from vari- 
ous metaphorical terms expressive both of intel- 
lectual defect and of intellectual excellence. 

It may be presumed that, without the aid af- 
forded by the study of anatomy or natural his- 
tory, the most cursory observer might discover 
that the indications of intelligence manifested 
by the various classes of animals generally cor- 
respond in degree with their approximation in 
physical structure to man ; and that, if we con- 
fine our view to the four highest classes, namely 
fish, reptiles, birds, and quadrupeds, and con- 
sider them with reference to their respective 
degree of .docility ; fish and reptiles, which are 
the lowest in the scale, will readily be allowed 
to be inferior to birds, which are a degree higher 
in the scale; and these again will with equal 
readiness be allowed to be inferior to quadru- 
peds, which are the highest. 

And it would be acknowledged upon a more 
accurate investigation, that, although there are 

H and his pure brain. 

Which some suppose the soul's frail dwelling house, 
Doth^ by the idle comments which it makes, 
Popetell the ending of mortality. 

King John^ Act. 5, Scene 7- 
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at first sight some seeming exceptions to the re- 
gularity of gradation, tlie apparent anomalies 
Tanish when put to the test of a philosophical 
examination. Should it be said, for instance, that 
tile bee or the ant shews greater indications of 
intelligence than many species much higher in 
the scale of animal creation, it may be answered 
that those indications are manifested in actions 
which are referable to instinct, rather than intel- 
iigence ; actions namely, which being essential 
to the existence of the individuals, and the pre- 
servation of the species, are apparently deter- 
mined by some internal impulse which animals 
unconsciously obey. Nor does it raiUtate against 
such a notion of instinct, that when accidental 
impedimenta prevent the regular evolution of 
the comb, taking that as an instance, the bee 
accommodates the arrangement of its fabric to 
the impediment which is placed in its way: for 
such a modification of instinct is as clearly ne- 
cessary in the case of an occasional impedi- 
ment, as instinct itself is necessary for the ge- 
neral purpose. 

In speaking of instinct I purposely avoid a 
formal definition of the term : for any attempt 
to define with accuracy a principle, of tlie real 
nature of which we are ignorant, usually leaves 
us in a state of greater darkness than we were 
before; of which the following extraordinary at- 
tempt, with reference to the vei"y principle now 
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under consideration, is a sufficient illustration. 
It is quoted from an author of the name of Wagr 
ner, in a work on the Brain of Man and other 
Aiiimais, written by Wenzel and his brother ; 
and is as follows : '' The instincts of animals are 
** nothing more than inert or passive attractions 
*' derived from the power of sensation : and 

the instinctive operations of animals nothing 

more than crystallizations produced through 

the agency of that power'." 

Qf the general position, then, that the brain 
is the instrument of intelligence, and that the 
degri^ of intelligence characteristic of different 
diisfaes of animals is proportional to the ap- 
p^roximation of their structure to that of man, it 
may fc^ the present be presumed that no one 
dmbts, 

CHAP. V. 
5Tte Nervous System of Animals in general. 

SECT. I. 
The Nervous System of the inferior Animals, 

AS the peculiarities in the structure of the 
human brain cannot be understood without a 
reference not only to the brain but to the nerv- 

\ " Instinotus animalium nihil aliud sunt^ quam attractiones 
mortusc a sensibilitate profectse; et eorum artificia nihil aliud 
quam ciyttallizationes per sensibilitatem productse/' Wenzel^ 
Oe penitiori Stmctura Cerebri. Tubingee, fol. 1812. p. 248, 1. 10. 
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ous system at large of other animals ; it will be 
necessary to take such a survey of that systeni 
as may be sufficient for the present purpose. 

In the lowest species of animals^ which appear 
to be devoid of any specific organs of digestions- 
motion, or sensation; whose economy indeed 
only enables them to contribute, in a mode bb 
yet unknown, to the nutrition and preservation 
of the individual, or to the continuation of the 
species, no distinct nervous system has yet be^i 
discovered, or at least satisfactorily demon- 
strated : it is presumed rather than known that 
in such animals there exists a variable number 
of small insulated masses of nervous matter 
called ganglions f which are connected with each 
other, and with different parts of the body, by 
means of slender filaments that radiate from 
these masses in various directions. 

In ascending the scale of animal existence 
we meet with species, in which, though devoid 
of organs of sense and motion, there exist dis- 
tinct organs of digestion : and in such species 
the upper part of the passage leading from the 
mouth to the stomach is usually surrounded by 
a kind of collar, from whence distinct nerves 
are distributed to the other parts of the body. 

In ascending still higher the scale of animal 
existence we find, together with a greater sym- 
metry of structure in the whole individual, ad- 
ditional component parts of the nervous system. 
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I a greater degree of regularity io the distri- 
ptioii of these superadded parts. Thus io those 
i of animals which include Ihe leech, the 
centipede, and the hee, whose bodies are natu- 
rally divisible into distinct segments, we find a 
series of ganglions placed opposite the respective 
segments, and sending out nerves which are ap- 
propriated to the muscles of voluntary motion 
attached to these segments : and the several 
ganglions are reciprocally united by intervening 
portions of a nervous cord, which is continued 
from one extremity of the body to tlie other; so 
as to present the appearance of a tiu-ead in 
which knots have been tied at stated intervals. 
And in those species of these classes which have 
eyes, as is the case with insects, there are ad- 
ditional ganglions near the head ; from which 
arise the nerve-s of vision, and, probably, of 
touch. 

If, in ascending still higher the scale of ani- 
mal existence, we examine the nervous system 
of fish, reptiles, birds, and quadrupeds, we find 
that those parts which are subservient to the 
nutrition of the individual, and to the continu- 
ation of the species, are supplied with ganglions 
and nerves corresponding in their general cha- 
racter and mode of distribution with the nervous 
system of the lower classes : and that the ar- 
rangement of the ner^'es of voluntary motion 
iBCTcly difters from that of the intermediate 
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classes, in being more elaborate ; the individual 
nerves all communicating with a continuous cord 
which extends from one extremity of the body 
to the other ; but which, instead of floatiug 
loosely in the general cavity of the body, as in 
insects, &.C. is contained in a canal essentially 
consisting of a series of parts called vertebrae, 
which taken together form what is called the 
spine or backbone. From the structure of this 
spine these classes are called vertehrated : and 
it is deserving of notice that these classes alone 
have a cranivm, or skull. 

The nervous cord above described is known 
more familiarly under the name of the spinal 
marrow, a term which is derived from its re- 
semblance, in some of its physical characters, 
to the oil contained in the interior of the bones 
of man and various other animals. 

That portion of the spinal cord which is con- 
tiguous to the head is continued into the cavity 
of the skull ; and is there apparently lost in a 
more or less regidar mass of nervous matter 
called the brain : which is small, and simple in 
its structure, in fish; larger, and more com- 
plicated, progressively, in reptiles, birds, and 
quadrupeds ; largest, and most complicated, in 
man. From the lower surface of the brain 
arise several pairs of nerves which are princi- 
pally distributed upon the organs of the distinct 
senses, and the muscles of the face : and it ie 
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"ilorthy of observation, that while the muscles of 
mere animal motion, as of the trunk and extre- 
mities, are derived from tlie spinal marrow ; the 
muscles of the face, which may be called pre- 
eminently the muscles of moral and intellectual 
expression, are derived from the brain itself. 

In ascending then from fish, the lowest of the 
four classes of vertebral animals, to quadrupeds 
which constitute the hi^'hest class, the general 
mass of the brain upon the whole increases in 
proportional size ; and at the same time it also 
more and more reseuibl&s that of man both in 
its general form, and in the character and pro- 
portions of its several parts. But the human 
brain, when fully developed, contains parts which 
do not exist in the brain of those animal species 
which approach nearest to man in the structure 
of this part'. 

It cannot be uninteresting in an inquiry like 
the present to add, with respect to those occa- 
sional deviations from the common form, called 
monsters and lusus naturse, tliat nature never 
elevates the brain of an individual of a lower to 



» It may be convenient here to state thnt the human brain is 
natunillr divisible into two ports, called the cerebrum and cere- 
bellum : of wliich the Tormer is eijcht or nine times larger than 
the latter. The cerebrum, which occupies neorly the whole of 
the cavity of the skull, consists of two purts, colled hemiipheres : 
and it should be particularly borne in mind that it is with refer, 
ence to the grent size of its hemispheres that the liunian braia 

Cfbat of all other animals. 
e2 
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that of a higher class ; though the brain of 
individual of a higher is frequently not developed 
beyond the degree of a lower: and this law oi 
the developement of the brain is, with reference 
at least to the distinction of classes, corre- 
spondent with that of the general form. Thus 
a lusus naturae or monster in the class of quad- 
rupeds, for instance, or of birds, may have two 
heads, or eight legs ; but the supernumerary 
parts will be always those of its own class, in- 
deed of its own species : and therefore it is ab- 
surd to suppose that if there be no mixture of 
species in the same class, there should ever be 
confiision of two distinct kingdoms of nature. 

Horace, than whom no one better understood 
the principles of imaginative or artiticial poetry, 
knew that abrupt combinations of heterogeneous 
subjects would certainly offend a correct taste, 
because unnatural : for taste, it may be affirmed, 
is, in one of its essential attributes, a feeling in 
harmony with natural combinations ; whether 
the individual combination be that of soimda, or 
colours, or forms, or of intellectual images, or 
moral sentiments : and nature, which may be 
preeminently called the rt-^fw; KoitinKri, though she' 
may occasionally surprise the mind by unusual 
combinations of organs natural to the species, 
never so couples together heterogeneous organs, 
as that the limbs of animals of one species 
should be united with those of another species 



NERVOUS SYSTEM OF ANIMALS. 53 

t ehort, as Horace himseif expresses the con- 
ception, 

Not! ul 

ISerpcntcs avibua geminentur, tigribus agni'. 
SECT. II- 
The Nervous System of Man. 
HB nervous system of man, without any re- 
ference to that of other animals, naturally re- 
solves itself into three sufficiently distinct divi- 
sions: of which one is appropriated to tJiose 
parts, which characterize him as simply an or- 
ganized being ; another, to his powers of volun- 
tary motion ; the third, or the brain, to the or- 
gans of the several senses, and, probably, to 
the manifestation of the intellectual powers and 
moral aflections. 

Of the two first of the foregoing divisions it is 
not necessary to speak more at large ; because 
no doubt exists in the minds of physiologists as 
to the nature of their offices. But this is not 
the case with respect to the brain ; which there- 
fore demands a greater share of our attention. 

Of all the parts of the nervous system taken 
collectively, the brani has been most generally 
considered as the organ of the mind : and it has 
long been a favourite speculation to endeavour 
to ascertain what part of this organ is subser- 

^ The subject [>f lusua nnturir, iir monNUTH. will be resumed 

■conclnsion of this treatiae. 
^ 1 
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vient to the existence and exercise of those intel- 
lectual powers and moral feelings, which to a 
greater or less extent are possessed by many 
other animals as well as man. It is presumed at 
least tiiat of the existence of intellectual powers 
or moral feelings in bnites no one can doubt, who 
has been at all accastomed to observe the cha- 
racters and habits of animals"; so that when in 
common language it is asserted that man differs 
from other animals in possessing reason, while 
they are irrational, the term reason must be 
taken in its most extended sense, as implying 
the aggregate faculties of man, both moral and 
intellectual. 

I will not here insist on the evidence of the in- 
tellectual powers of brutes, as deducible from the 
effects of what we call instinct ; because in all 
those actions which are the result of instinct, 
animals appear to be guided by a natural and 
irresistible impulse from within, which leads 
them to seek or to avoid that which will be 
either useful or injurioiis to them ; and enables 
them to perform tlie most complicated acts, as 
the building of a nest or the construction of a 
comb, though they may never even have seen 
the same acts performed by other individuals of 

" Aristotle, in his History of Animals, distJDctlf n%nns such sa 
existence — mim yofi h roii jrXd'uToit nnX riir SXkov lifoiy Jjjwj 
ntpi T^v ^Irvx^y xpAntiv, amp rtrl ritv avSpaivoiv !x't (^mparipas 

Suiipepds. p. 212. lia. 7—10. ed. Bekker. 
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species. 1 would rather insist on tiiat 
evidence of their intellectual powers, which is 
derived from their conduct, when, in conse- 
quence of having been removed from their na- 
tural sphere of action, they are impelled by ex- 
ternal and accidental circumstances. Thus the 
wariness of old animals in avoiding the pursuit 
or arts of man, and the sagacity with which a 
practised hound wDl cut off an angle in order to 
shorten his distance, may be considered as proofs 
of a considerable degree of intellectual rather 
than of instinctive prudence in brutes. 

Tlie playfulness of the young of most quadru- 
peds, often indeed observable in the adult ani- 
mal also, may be regarded as no obscure proof 
of the exercise of the intellectual faculty which 
we call imagination ; for that playfulness almost 
always consists in the representation of mutual 
hostility, though the real disposition at the same 
time is any thing but hostile. The dog for io- 
,ce, under such circumstances, snarls and 
I, but with evident intention not to hurt. 

Of the existence of moral feelings in brutes, 
there is still more decided proof than of the ex- 
istence of intellect. Thus the expression of joy 
in a dog at sight of his master is not to be mis- 
taken, and the expression of fear in a horse at 
tlie sound of the whip is equally unequivocal in 
its character. Again, animals become attached 
]aat only to individuals of their own species, but 

E4 
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to individuals of even a different order or clasa : 
and they evidently feel regret upon separation 
from these their companions. 

On the supposition that the brain is the organ 
of the intellectual powers, physiologists have 
been led to compare the proportions of the 
whole and of ita several regions in man and 
brutes; in order to arrive at a knowledge of 
such facts as might serve for a basis for ascer- 
taining which are the parts essential to its action 
as such an organ. It has been supposed by 
some that the intellectual facidties may be in 
proportion to the absolute size of the brain ; such 
an opinion bein» grounded on the fact, tliat the 
human brain is larger than that of the horse or 
ox. But on the other hand, the brain of the 
whale or of the elephant taken in its whole 
mass is larger than that of man ; though the in- 
telligence even of the elephant bears no propor- 
tion to that of the human mind. Again, the 
brain of the monkey or of the dog is smaller 
than that of the ox or the ass ; yet with respect 
to their intellectual faculties the former approx- 
imate much more closely to man than the latter. 
Neither do the dispositions or qualities of ani- 
mals appear to be connected with the absolute 
size of their brain : for animals most different 
and even opposite in disposition may be ranged 
in the same class with reference to the size of 
this organ ; the tiger and the deer, for instance, 
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niong quadrupeds; and among birds, the hawk 
aiid the pigeon. 

It would appear probable from some instances, 
that tlie proportional size of the brain witli re- 
ference to the size of tlie body would give a more 
uniform result. Thus a crocodile twelve feet in 
length, a serpent eighteen feet in length, and a 
turtle that weighs from three hundred to five 
mdred pounds, have not any of them a quan- 
f of substance in their brain equal to half an 
^unce; and the alight degree of intellectual power 
manifested by these animals corresponds with 
iUch a proportion. But on examination it ap- 
ars that the proportional size of the brain is 
; a more certain criterion than the absolute 
The brain of the elephant for instance is 
iller in proportion to its body than that of any 
*r quadruped : and yet what quadruped ex- 
da the elephant in sagacity 1 and, in compar- 
; many of the inferior animals with man in 
1 respect, it is found that not only do different 
nera of the same order diifer very widely from 
Bch other in the proportion of tiieir brain to 
their body, as the bat and the fox ; but that the 
proportion is sometimes inversely as the degree 
of intellect of the animal : thus, as far as we are 
capable of judging, the intellect of the fox is in- 
finitely greater than that of the bat, and yet the 
brain of the former. pro]»ortionally to its body, is 
ooly<me half the size of the latter. Occasionally 
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thedisproportionis still greater indifferent apeei. 
of the same genus, and even in different yarieties 
of the same species : thus in some dogs the brain 
compared with the body is as one to fifty, while 
in others it is as one to three hundred. 

Again, it appears that the brain of some of the 
genera of the lowest orders in a class is propor- 
tionally larger than that of some of die genera of 
the highest orders. Thus, in die mammalia, the 
brain of the dolphin, which animal is in the 
lowest order of that class, is in proportion to its 
body four times as large bs the brain of the fox, 
which is an animal of one of the highest orders. 
And the brain of the mouse and of the mole are 
nearly, if not quite as large, in proportion to their 
body, as that of man. And the same circum'^ 
stance occurs even in the second class, or birds ; 
for the brain of the sparrow is in proportion to 
the body as large as, nay even larger, than that 
of man. 

Lastly, for it is unnecessary, and would be 
tedious, to enter further into the detail of thi^ 
part of the subject, there does not appear to be 
any connexion between the degree of intellectual 
faculties and the mutual proportions of the several 
constituent parts of the brain ; or between the 
degree of the intellectual faculties and the mu- 
tual proportions of the brain and nerves. So 
that it appears, from a review of what has been 
advanced, that no criterion of the degree of in-^ 
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tellect 18 found in the absolute size of the brain ; 
nor in its relative size, as compared with that of 
the body of the individual ; nor in the relative 
size of its constituent parts,^or of the whole of it, 
to the nerves. 

SECT. III. 

. IndicaHons qf natural Talent and Disposition deducible 
Jrom the Structure of the Brain, 

IP the entire history of the brain were a pri- 
mary object in this treatise, it would be right 
here to investigate in detail the observations and 
theory of Dr. Grail respecting this organ : but on 
the present occasion it will be unnecessary to 
refer to that theory further than may be re- 
quired by the course of the argument. 

The simple enunciation of Dr. Grail's theory 
is this, that '' the brain in general is the instru- 
'* ment by which the intellectual faculties, and 
** the moral sentiments and propensities, are 
«« manifested ; particular parts of it being the 
«« organs of those several fat^ulties, sentiments, 
*' and propensities : and that according to the 
" state of these organs will be the faculties, sen- 
*' timents, and propensities of each individual." 

To those who have objected to this theory, 
that it leads towards the doctrines of fatalism, 
and the material nature of the soul, it has been 
answered ; first, that as, according to the theory, 
no individual, who is endued ¥dth intellect, is 
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deficient in the organs of those moral sentiments, 
which, if cultivated, will be sufficient to conn- 
teract whatever bad propensities he may have, 
the theory cannot consistently be accused of in- 
culcating the doctrine of fatalism : and secondly, 
that without inquiring what the soul is, or in 
what manner it is united to the body in this life, 
which Dr. Gall considers as questiohs not only 
beyond the comprehension of human reason, but 
totally unconnected with his inquiries, the theory 
merely investigates the material conditions of 
that part of the body by which the soul is af- 
firmed to manifest itself to oar observation. 

It has been already stated that, in exposing 
to view the lower surface of the brain, several 
pairs of nerves are observable which may be 
traced to the organs of sense and some other 
parts : and it is admitted by many anatomists 
of acknowledged accuracy, that, of all these 
pairs, not one, excepting the olfactory and op- 
tic, is derived from the great mass of the brain 
called its hemispheres : but Dr. Gall shews it to 
be highly probable in fact, as it evidently is in 
reasoning, that neither the olfactory nor the 
optic nerves are derived from the hemispheres: 
whence it would ap])ear tixat, with the doubtful 
exception of the nerves of smell and sight, not 
a single nerve of the whole body is derived from 
the great mass of the brain ; for the organs of 
the other senses, and all the muscles of volun- 
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r motion, together with the whole assemblage 
of the organs of digestion, and the heart, and 
Uie lungs, are evidently supplied from other 
^H|px:es. 

^HpEither tlien the great mass of the brain is 
^Tmotted in a most anomalous disproportion to 
the two senses of smell and sight, which in many 
animals are comparatively weak ; or, if it do not 
supply the nerves of sight and smell, there is no 
part of the body which it does apparently sup- 
ply with nerves ; and then the conclusion presses 
upon us with peculiar force, that the brain is 
exclusively the instrument of the immaterial part 
of our present existence. 

It appears from Dr. Gall's own account, that 
he was originally led to this peculiar train of 
thought by observing the diflerence of talents 
and character in his own brothers, and in other 
children with whom he hapj^ened to associate ; 
some of whom, though under perfectly similar 
circumstances of education with the rest, were 
much quicker in apprehending what was taught 
them ; and further, by observing in different in- 
dividuals of the same species of animals, as dogs, 
that some were fierce, some mild : again, that in 
birds of the same species some continued to sing 
their own notes only, while others would listen 
to, and imitate, artificial music : and with re- 
ference to the last mentioned instance particu- 
ydyi be ai^ed that the difference could not 
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ariRe from the greater or less degree of perfec- 
tion in tile organ of hearing, for it is the same Id 
both ; but must be looked for in the brain, to 
which the organ of hearing conveys sounds; and 
in which, and not in the ear itself, they are per^ 
ceived. There are moreover numerous instances 
which shew that the sense of hearing is by do 
means in proportion to the degree of perfection 
in the construction of the ear. Thus, the dog 
hears with indifference the sweetest melody: and 
yet the construction of his ear approximates 
more to that of man than the constniction of the 
ear of even the most musical birds. And on 
tills point Dr. Gall asks, if the organ of hearing 
determine the power of singing, why should the 
female bird be mute, seeing that in this part of 
its bodily construction it diflFers not from the 
male? It is equally observable that in men the 
talent for music is not in proportion to any su- 
periority in the organ of hearing ; in the con- 
strtiction of which indeed there is little if any 
apparent difference between any two indivi- 
duals. 

Partial insanity and partial idiotcy are among 
the circumstances which Dr. Gall considers as 
favouring his theory. The frequency of the for- 
mer must be a fact well known to all : the latter 
is not uncommon ; and even persons of consider- 
able intelligence occasionally exhibit very ob- 
scure traces of this or that particular faculty. 
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iher nrgtiments in favour of his sj'stem he 
dniws from the temporary effects produced by 
cerebral inflajniuation on the state of the mental 
powers: in the case, for instance, of idiots, who 
during the inflammatory action have manifested 
a considerable degree of understanding; but after 
tlie cessation of that action have relapsed into 
their fonner state of fatuity. 

It would seem, in the instances here adduced 
by Dr. Gall, that the mental faculties which had 
been previously in a state of fatuity, are ren- 
dered for the time rational, in consequence of a 
degree of excitement which in individuals not 
labouring under fatuity would have probably 
produced deliriimi : and, as a rational state of 
the faculties may be considered, to use a mathe- 
matical expression, as a mean proportional to 
fatuity and delirium, it might be expected that 
the same cause which would raise a rational 
state of the faculties to delirium, would raise an 
idiotic only to a natural state : as. in a similar 
manner, wine is observed to modify the charac- 
ters of individuals of different temperaments, by 
elevating them for the moment : 

" Ii keeps the unlmppy from sinking, 

'* And inakcB eV'U ihe valiant more brave." 

It would occupy too much time to enter into 
the detail of this interesting part of Dr. Gall's 
system : nor was more originally intended than 
to introduce the subject to the consideration of 
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those, who happen not to have reflected on it 
before, in such a manner aa to enable them to 
form some judgment of the merits of a theory, 
the character of whicli has been injured to the 
full aa much by its injudicious friends as by its 
professed enemies. Of this theory it may per- 
haps be affirmed with truth, that, considered as 
an abstract philosophical speculation, it is highly 
ingenious, and founded upon unobjectionable 
principles : and that while the general conclu- 
aion is inevitable with respect to the collective 
functions of tlie brain, there is nothing unrea- 
sonable in supposing that specific parts serve 
specific purposes. The rock, on which Dr. Gall 
and his implicit advocates have split, is the at- 
tempt to fix the local boundaries of the several 
faculties of the soul. Had he satisfied himself 
with developing the structure of the brain in the 
various classes of animals; and had he been con- 
tent to shew that, in tracing its structure from 
those animals which manifest the least indica- 
tions of intelligence to those which exliibit still 
stronger and stronger, it proportionally advances 
in its resemblance to the structure of ihe human; 
and lastly, had he only drawn from these pre- 
mises the general probable conclusion, that spe- 
cific parts had specific uses with respect to the 
manifestations of the immaterial principle of 
animal existence; (and assuredly brutes are en- 
dued with such a principle, though, as being 
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ftbid of the moral sense, they are not fitted for 
a future state, and consequently perish when 
their bodies die;) had Dr. Gall been content 
to have stopped at this point, without ventur- 
ing to define the local habitations of the sup- 
posed specific organs, he would have acquired 
the unalloyed fame of having developed a beau- 
tiful train of inductive reasoning in one of the 
most interesting provinces of speculative philo- 
sophy : whereas, in the extent to which he has 
carried his principles, his doctrine has become 
ridiculous as a system ; while in its individual 
applications it is not only useless, but of a posi- 
tively mischievous tendency : for, without the aid 
of this system, every man of common sense has 
sufiicient grounds on which to judge of the cha- 
racters of those with whom he associates; and 
it is evidently more safe to judge of others by 
their words and actions, and the general tenor 
of their conduct, than to run the risk of con- 
demning an individual from the indication of 
some organ, the activity of which, for a moment 
allowing its existence, may have been subdued 
by the operation of moral or religious motives. 

But there is an occasional absurdity in the 
application of the theory, which, though obvi- 
ous, does not seem to have been noticed. Let 
us suppose, for instance, the case of a murderer^ 
and that a disciple of Dr. Gall were to maintain 

lat, as the crime of murder proceeds from the 
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operation of the organ of destructiveness, that 
organ would be found highly developed in mich 
an individual ; and yet, upon actual inspection, 
this were not found to be the case. Here^ 
although the disciple of Dr. Grail might be dis- 
appointed in finding no such developement, a 
plain reasoner would not be so disappointed: 
for is it not obvious that avarice^ or shame^ or 
jealousy^ might in a moment operate so power- 
fiiUy as to lead an individual to the crime of 
murder, whose nature and habits were as far 
as possible removed from the propensity to that 
crime ; and who, consequently, according to 
Dr. Grail's own principles, would be devoid of 
any undue developement of the organ of mur- 
der? 

With respect to ourselves indeed, the study of 
the system may be attended sometimes with the 
happiest consequences : for if, from the contem- 
plation of it, we can be strengthened in our con- 
viction of the fact, which both reason and reve- 
lation teach us, that each individual is liable to 
particular temptations depending on his specific 
temperament, we shall thus have one additional 
memento of our frailty, one additional incentive 
to watch over, and combat, '' the sin which doth 
" so easily beset us." 
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SECT. IV. 
The ffenrriil Dovtrhie nf Phys'wgnomy, a^ conrtecled leifk 
the Form of the Body: 
As the indiscreet zeal, not only of Dr. Gail, 
but of physio^iomists in general, has thrown 
unmerited discredit on that department of spe- 
culative philosophy which they have cultivated, 
it may be worth while to examine the subject on 
other authority than that of professed physio- 
nomists. 
There are many phenomena, then, connected 
hh the moral and intellectiial faculties of man, 
"with in a healthy and diseased state, which, by 
shewing the reciprocal influence of the two dis- 
tinct parts of our nature, the soui and the body, 
render it probable that the energies of the for- 
mer, although it be itself immaterial, may be 
manifested by means of a material instrument. 
The existence of this reciprocal influence, which 
indeed we might expect from their intimate 
tliougb mysterious union, cannot be denied. 
Thus grief or expectation destroys apjjetite ; 
and mental application to any favourite pursuit 
makes us insensible of the want of food : and, 
on the other hand, a disordered state of the di- 
gestive organs evidently impedes Uie free exer- 
cise of the mental powers ; or oppresses the soul 
with those dreadful, though really groundless 
apprehensions, which have been termed %- 
pocbondrincal from the situation of the organs, 
F 2 
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the morbid state of which is supposed to give 
rise to those apprehensions. Again, intoxica- 
tion confuses the memory and judgment; and 
the repeated abuse of wine permanently de- 
bihtates the mind, and often terminates in con* 
firmed insanity. The state of the air affects the 
mental energies and moral feelings of many in- 
dividuals, to a degree inconceivable to those who 
are not thus subject to its influence. And the 
impression of fear has been known suddenly to 
arrest the symptoms of endemic ague and epi- 
lepsy. 

The general idea that this connexion of thd 
soul and body may be traced in the confoFma* 
tion of the latter, it will be at once rememberedj 
is by no means new ; and the anecdote of the 
unfavourable judgment passed on the moral dis- 
position of Socrates, from the character of his 
countenance, will readily recur to the mind on 
this occasion. Aristotle has even entered into 
some details on the forms and shades of colour 
of the hair and features, and indeed of various 
other parts of the body, as indicative of particu- 
lar temperaments or constitutions of the mind 
And it is hardly a question, whether every indi- 

■ For an exposition of Aristutlu's views on this subject, con- 
milt a work of Galen, entitled HEpl TON TH2 *YXHS hooN, in 
n-hicb the questiuii of the connexion between the ^ulties of the 
soul and the conforumtioti of the body in discussed. Galen. 
Kiihn, vol. iv. p. 7(1(1—798. 
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vidual is not accustomed in some d^ree to de- 
cide on character from the features, the colour 
of the hair, and other external indications, in- 
dependently of that expression of the counte- 
nance, which rather marks the actually existing 
state of the mind than the latent disposition 
of it 1. But if it be in any degree probable that 
the connexion between the soul and body may 
be traced in the conformation of the features or 
other parts of the body, in a much greater must 
it be probable that that connexion may be traced 
in the structure of the brain. 

Nor does there appear, on the ground either 
of reason or of religion, any thing objectionable 
or absurd in the assumption, antecedently to ob- 
servation, that the intellectual and moral ten- 

y Sluikspeare has several references to indications of personal 
character^ as depending on the form of the countenance^ &c. 

CleopaL Bear'st thou her ^Eice in mind ? is't long, or round ^ 
Messeng. Raundy even to Jaultiness. 
CkoptU. ¥m the most part too. 

They vrefooluh that are jo. Her hair, what colour ? 
Messeng. Brown, madam : and her forehead 

As lorv as she would wish it. 

Antony and Cleopatra, Act III. Scene 3. 

Caliban We shall lose our time. 

And all he turn'd to barnacles, or to apes 
WMi foreheads vtUatums low, 

TsMPBST, Act IV. near the end. 

JvHa, Aj, but her forehead's low ; and mine's as high. 

Two Obnti^bmbn of Vbbona, end of Act IV. 

f3 
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dencies of the soul may in a qualified sense be 
determined, or at least modified, by the peculiar 
Btructure of the body: that they are frequently 
coincident with certain peculiarities of corporeal 
structure is a matter of actual observation. 

la it absurd to suppose that, man beinp a com- 
poimd of soul and body, the body has been so 
constructed in each individual as to become a 
fit arena on which that stni^le shall be mani- 
fested, which midoubtedly takes place between 
the conflicting passions of the soul f For it will 
not be denied by those to whom this treatise is 
addressed, that the sou! wants not the substance 
of a corporeal frame for the mere existence of its 
evil principles, but only for the external mani- 
festation of them. An authority at least which 
cannot be questioned by a believer in revelation, 
asserts that out of the heart, that ia, evidently 
firom the context, out of the soul, proceed murder, 
theft, adultery, and the like. 

Is it absurd to suppose that, the brain being 
a very complicated organ, made up of distinctly 
different parts, these parts are subservient to the 
exercise of different functions! or, since it is evi- 
dent that in every other individual organ of the 
body, where there is an identity of structure, 
there is also an identity of function in all the 
parts, may we not fairly presume that, were the 
integral parts different, the effects produced 
would be different ; and, consequently, that as 
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4fae int^ral parts of the brain differ from each 
'Other, the oflBces of those parts may be different? 
Or, again, will it be denied as a matter of fact 
that different faculties and propensities manifest 
themselves in different individuals; and is it 
unreasonable, on the ground of analogy, our otdy 
^ound in this case, to suppose that they mani- 
fest themselves through the agency of different 
instruiaents 1 And since the visceral nerves are 
appropriated to the mere vital functions of nu- 
trition ; and the spinal nerves to general mus- 
cular motion and common sensation ; and the 
nerves of the special senses occupy but a very 
email portion of the brain ; to what assignable 
purpose can the great mass of that organ be ap- 
plied, if not to the operations of that intellectual 
and moral principle, which, after the abstrac- 
tion of the organs of nutrition, motion, and sensa- 
tion, is the only imaginable part of our present 
nature f 

Is the language of Scripture entirely allegori- 
cal throughout the sacred volume '. or do we be- 
lieve on just grounds that we are contaminated 
with an innate propensity to evil; that there are 
two principles within us constantly stniggling 
for the mastery ; and that, spite of our better 
part, and against the strongest feelings of con- 
science and determination of judgment, we still 
Sire for ever yielding to the worse! 
^^^^hall we deny that the tendencies to evil are 

■ 
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diiferent in character in different indivtduala 
and by Uiat denial shall we attempt to falsify 
the testimony of experience as to the fact itself; 
l^^nd the conclusions of antecedent reasoning as 
to its probability: for, if all men were avaricious 
fpr instance, or ambitious iu the same points, 
■where would be the field for the display of other 
qualities; and how could the affairs of the world 
be conducted? 

But whatever may be the real state of the 
case — whether the brain act as a simple organ 
by the simultaneous operation of all its parts ; 
or whether those parts act independently in the 
production of specific effects — no one can doubt 
that the organ itself is the mysterious instru- 
ment by means of which, principally, if not ex- 
clusively, a communication is maintained he- 
tween the external world and the soul. Nor can 
it be doubted, indeed it is a matter of fact which 
is constantly open to our observation, that the 
degree of approximation in the structure of the 
brain of other animals to that of man bears a 
very obvious relation to the degree of intelli- 
gence manifested by the various classes of ani- 
mals ; so that, in just reasoning, it must on every 
consideration be admitted to be the instrumeot 
by which the various degrees of intelligence are 
manifested. 

It is a matter also of observation, that the 
powers of the miud are capable, Uke those of 
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the body, of being stFengthened by exerciae and 
GBlti?ation: and, further, that not only do the 
mental faculties gradually manifest themselves 
from the moment of birth onwards; but that the 
physical developement of the brain advances . 
jMoportionally up to a certain period. But on 
this point it will be desimble to make a few 
more particular remarks. 

SECT. V. 

JTkB Devdopfment of the Human Brain^ compared unfk 

that of other Animals. 

T^E brain of all vertebral animals, including 
even man, is nearly identical in structure in the 
early period of the embryo state of those ani*- 
mail But a. a.a period^ birth a^reU.very 
remarkable difference between the d^ree of 
developement of the human brain, and of that 
of the inferior animals. In quadrupeds for in- 
stance, the brain, according to Wenzel, is fully 
developed at the moment of the birth of the in- 
dividual ; contains, that is, at that time, all the 
parts in as perfect a state as they are in the 
adult animal of the same species (Wenzel, 
p. 246): while, with respect to the human spe- 
cies, it is asserted by Wenzel, and his statement 
is confirmed by the observations of others, that 
although the brain makes continual and mpid 
advances to its ultimate magnitude and per- 
fect state, from the period of conception to 
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the seventh year after birth, yet all the parts 
have not attained their full size till the age of 
eeven years (p. 254). And this diiFerence is 
exactly what might be antecedently expected, 
from the comparatively greater degree of intel- 
ligence manifested by the young of other ani- 
mals, of the higher orders at least, than by the 
human infant. 

But it ia very worthy of observation, that 
those parts of the human brain, which are formed 
subsequently to birth, are entirely wanting in all 
other animals, including even quadrupeds, which 
Wenzel has examined (p. 246): and that dur- 
ing the evohition of the parts pecidiar to the 
human brain, the jieculiar faculties of the hu- 
man intellect are proportionally developed: and 
finally, that, till those parts are developed, those 
faculties iire not clearly perceptible (Wenzel, 
p. 247). But at the age of seven years the hu- 
man being eseentially possesses, although not 
yet matured by exercise and education, all those 
intellectual faculties which are thenceforward 
observable : and at that age the brain is perfect 
in all its parts. And, from the age of seven 
years to the age of eighty, the changes of the 
human brain with respect to size, either col- 
lectively or in its several parts, are so trilling as 
hardly to be worth notice (p. 247 — 266). 

In comparing either individual actions or the 
complicatedoperationsofraan, with those of other 



NEBVOUS SYSTEM OF ANIMALS. 75 

■nhnals, it is observable, that the actions and 
operations of the adult human being as much 
excel in design and method the actions and 
operations of all other adult animals, as those 
of the infant are excelled in precision and 
adroitness by the young of all other animals 
^. 247): and both these facts correspond with 
&e relative constitution of the brain at the re- 
q)ective periods ; the brain of other animals be- 
ing perfect at birth, which is not the case with 
ttie infant \ while the brain of the adult human 
being manifests a higher degree of organization 
dian t}mt of any other animal, and is there- 
fore physically fitted for functions of a higher 
order. 

It appears then highly probable, both from 
the intuitive conviction of mankind at large, and 
from a comparative examination of the struc- 
ture and developement of the brain in man and 
other animals, that the intellectual superiority 
of man, physically considered, depends on the 
peculiarities of the human brain : and with re- 
spect to the rest of his body, it is certain that 
the hand is the instrument which gives him that 
decidedly physical superiority which he pos- 
se-sses over all other animals. In all other re- 
spects there is no physiological dilference, of 
any importance at least to the present argu- 
ment, between man and the higher orders of 
^^^a|aj and the peculiarities of his physical 
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condition, with reference to the form aud gene- 
ral powers of his body, rest therefore on those 
two oi^ns, the hand and the brain. Aud 
as the adaptation of the external world to tlm 
physical condition of man must have a special 
reference to those peculiarities in his etmcture 
which distinguish him essentially from other 
animals, it has therefore been thoiight impor- 
tant to dedicate a considerable portion of this 
treatise to the investigation of the characters of 
the two oi^ns above mentioned. 



Cursory Viiio of the Extent of Human Pov^cr over the 
Objects oft/tc external World. 

Having examined, aa far as Is necessary for 
the purpose of this treatise, the animal charac- 
ter of man, both with respect to the points in 
which he partakes of the nature of other species, 
and those in which he is elevated above them; 
let us proceed to consider the adaptation of the 
external world to the physical condition of that 
being to whom the Creator has given dominion 
over all his other works ; whom alone, of all the 
living tenants of the earth, he has endued with 
a mind capable of conceiving, and corporeal 
powers capable of executing those wonderful 
combinations, which make him lord of the world 
which he inhabits ; which enable him to com- 
pel the properties of inert matter to bend to his 
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bdieste; and to dkrect not only the energne of 
the inferior animals, bat even those of his fel-* 
kyw creatures, to the purposes which he may 
ImTe in new. 

In contemplating, for instance, as in all the 
fyride of its appointments it adrances through 
the waves, the majestic movements of a man-of- 
war, let us trace its whole history, and thrice 
admire the extent of human power over the ma-' 
terial world. Look at the rude canoe of the New 
Zealander, or call to mind the nearly as rude 
coracle of our own forefathers, and compare 
those simple and puny products of an infant art 
with the complicated and gigantic triumph of 
Dtval architecture now before you; and no won- 
deir if, observing the ease and precision of its 
movements, the unlettered savages of the iriands 
oi the Pacific conceived the stupendous ma- 
chine to be some form of animated matter; whose) 
fierce nature and awful power were announced 
by the tremendous roar and destructive efieets 
€i its artillery. 

Or, passing from inert matter to living and 
intellectual agents, let us in imagination first 
▼iew the tumultuary and predatory incursions 
of the aboriginal borderers of the Ohio, or even 
of the more civilized tribes of modem Ambia ; 
revenge or booty their sole objects, without any 
plan of civil government or national aggrandize- 
ment; and then let us contemplate the profound 
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TiewB and combinations of the Macedonian mo- 
narch — that military meteor.whoae course, though 
occasionally eccentric, was yet constantly regu- 
lated by the preponderating attraction of his ori- 
ginal design; and whose plans, though marked 
by temporary and local devastation, yet secured 
the foundation of the durable and general pros- 
perity of future generations. The theme is too 
vast and too sublime for the present effort, even 
had it never been before attempted ; but the 
genius of the learned author of the " Commerce 
*' and Navigation of the Ancients'" has admir- 
ably developed the great and proibund views of 
Alexander, ignorantly described by Pope as the 
reveries of insane ambition; and has significantly 
alluded to the successful accomplishment of his 
wonderful attempt, in that beautifully appropri- 
ate legend placed under the engraving of the 
head of his hero, 

" Aperiiim terras gentibus''." 

Or let US investigate the career of the equally 
extraordinary conqueror of the present centtiry. 
View him overcoming every moral and physical 
difficulty in the pursuit of his gigantic and fear- 
fid project of universal empire ; uniting distant 
and hostile nations in confederacies against their 
own liberties; changing their long established 

" The very reverend W. Vincent, D. D. late dean of Weat- 
minitter. 

»• Q. Curt, lib, ix. cup. 6, 
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taasttes, in order to set over them kings of his 
own family. View him absorbed in his heart- 
less calculations on the advantages to be ob- 
tained, for his personal aggrandizement, by the 
endless sacrifice of hnman life ; breaking into 
the peaceful occnpations of domestic scenes, and 
desolating the happiness of myriads of his sub- 
jects, not to ward off" the dangers of hostile in- 
vasion, nor to lay the foundation of the future 
good of his country, but solely to gratify his own 
insatiable thirst of power ; and yet by the magic 
of Ins name rallying round his standard, even 
to the last, the remnants of his former reckless 
schemes of inordinate ambition. 

In meditating on the astonishing scene pre- 
sented to the imagination by the description of 
a career so strange, we might almost be in doubt 
whether these effects were produced by a mere 
human mind ; or marked tlie presence of a su- 
perhuman intelligence, permitted for a time to 
exercise a guilty world. But whatever he were, 
he is gone ; and his place will know him no 
more. One moral reflection in the meantime 
forces itself upon the mind ; partly applicable 
to himself, and partly to mankind at large. 

Inebriated with prosperity, and regardless of 
the Power which could alone uphold him, he fell 
from his towering height ; and was banished far 
from the tfieatre of his former ambition, and al- 
t, indeed, from the haunts of men. But, haply. 
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tho^MTolongation of his life in the sileBt j pe t h w netft 
of that sequestered island was mereifuUjr intendeil 
to lead him to a calm reflection on the teiirtAtti 
of sublunary possessions : for how rety yiakfomff 
and like a dream must all his form^ life httv* 
frequently appeared to him, when standKfig ott 
the brow of some precipitous rock, the natimil 
boundary of his insulated prison, he nratod 60 
the interminable expanse of the Atlantic ; and 
compared his present desolation with his foMMf 
glory. Or, if the terrors of Omnipotence liedled 
even then to reach his obdurate heart, his eX-' 
ample at least remains a merciful beacon to 
others; who may learn from his doom, that theM 
is a Power which can say, as easily to the tetad- 
pestuous ocean of ambition, as to the naturfid 
deep, '' Hitherto shalt thou come, but no further: 
'' and here shall thy proud waves be stayed." 



CHAP. VI. 

Adaptation of the Atmosphere to the Wants 

of Man. 

SECT. I. 
The general Co»^titution of the Atmosphere. 

IN the foregoing part of this treatise the phy- 
sical condition of man has been considered under 
the view of the general capabilities of his nature, 
rather than of his actual state : but it is evident 
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<MQ a moment's reflection that his actual stattfknll 
be Teiy different at different periods of time, or 
in different parts of the world at the same pe- 
riod: and this observation applies no less to 
communities than to individuals. How great 
the contrast, with reference to the case of indi- 
yiduals, between the intellectual powers and at* 
tainments of a Newton and a native of New 
Holland ; and in the case of commufiities, how 
great the contrast between any of the kingdoms 
of modem Europe, and the rude tribes from 
whence they were originally derived. 

In proceeding then to illustrate the adapta* 
tion of the external world to the physical con* 
dition of the human species, we must view in- 
dividuals or communities under all possible cir- 
cumstances of existence, and make the illustra- 
tion of as general application as the nature of 
the subject evidently demands. 

And, in order to effect something like a sys- 
tematic arrangement of the immense mass of 
materials whence the following illustration is to 
be deduced, it is proposed to investigate sepa- 
rately the four kingdoms or divisions of nature, 
the general characters of which were given in 
the commencement of this treatise ; beginning 
with the atmospherical and ending with the ani- 
mal kingdom. 

If it were possible, with the bodily as with the 
mental eye, to behold the constitution of the at- 

G 
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mo6(^here which surrounds our earth, we should 
view a compound probably the most complex in 
nature : for into this circumambient ocean of air, 
as it is called by Lucretius ^ are carried tip 
whatever exhalations arise not only £rom the 
earth itself, but from every organized form of 
matter whether living or in a state of decompo- 
sition that is found upon the earth's surface; the 
dews of morning, the balms of evening, the fra- 
grance of every plant and flower; the breath 
and characteristic odour of every animal ; the 
vapour invisibly arising from the surface of the 
whole ocean and its tributary streams; and, 
lastly, those circumscribed and baneful effluvia, 
however generated, which when confined to 
definite portions of the atmosphere produce 
those various forms of fever which infest par- 
ticular districts : or those more awful and mys- 
terious miasmata, which, arising in some dis- 
tant region, and advancing by a slow but cer- 
tain march, carry terror and death to the in- 
habitants of another hemisphere. 

Such is the complex character of the atmo- 
sphere; and, indeed, from this assemblage of 
vapours contained in it, it has received its pecu- 
liar appellation ; being the receptacle, or maga- 
zine, as it were, of terrestrial exhalations ''. 

^ Semper enim quodcunque fluit de rebus ; id omne 
Aeris in magnum fertur mare. Lib. V, 277> 8. 
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All these varioiis exhalations however may be 
considered as foreign to the constitution of the 
air, being neither constantly nor necessarily pre- 
sent anywhere ; all, with the exception of that 
aqueous vapour which is continually rising from 
the surface of the earth, as well as of the ocean 
and every lake and river. But, in addition to 
this aqueous vapour, the air is also charged to 
a variable extent with light and heat and elec- 
tricity : of which the two first are so obviously 
adapted to the wants of man as to demand im- 
mediate attention. Electricity is probably of 
equal importance in its relation to man : but the 
true character of that relation has not yet been 
sufficiently developed to call for a distinct con- 
sideration on the present occasion. 

SECT. 11. 
Light, 

The metaphorical expressions of all ages and 
nations, with respect to light, sufficiently evince 
the value in which that inestimable gift is held. 
In the sacred Scriptures indeed, not only are 
temporal blessings compared to light, and tem- 
poral evils to darkness ; but holy deeds are fre- 
quently described under the character of the 
former; and unholy deeds under the charac- 
ter of the latter : and, with respect either to clas- 
sical or oriental literature, a thousand instances 
might easily be adduced illustrative of the same 
metaphorical use of the terms in question. 

g2 
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When, after a dark and tempestuous night, the 
mariner first perceives the dawn of returning 
I day ; although that dawn discover to his view 
' the evil phght to whicli the storm has reduced 
his vessel, wliy does he still hail day's harbinger 
as his greatest relief, but because without the 
aid of light he could not possibly extricate him- 
I self from the difficulties of his situation ! Or, 
when the child, awakened from its sleep, finds 
itself alone in darkness, why is it overwhelmed 
with terror, and why does it call out for pro- 
tection, but from the influence of those undefined 
fears, which naturally occur to the mind under 
(he privation of light .' 

There is something so congenial to our nature 
in liglit, something so repulsive in darkness, that, 
probably on tins ground alone, the very aspect 
of inanimate things is instinctively either grate- 
lu! or the reverse, in consequence of our being 
reminded by that aspect of the one or of the 
otlier: so that on this principle, perhaps, parti- 
cular colours throughout every province of nature 
are more or less acceptable in proportion as they 
approach nearest or recede farthest from the cha- 
racter of light, whether reflected immediately 
from the heavenly bodies, or from tlie azure of 
the sky, or from the thousand brilliant hues with 
which the setting or the rising sun illuminates 
its attendant clouds. 

In illustration of the principle just advanced, 
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t and silver among metals might be opposed 
to lead and iron : and, among flowers, the bril- 
liancy of the crocus, the lily, or the rose, to the 
lurid aspect of henbane or belladonna. And 
though something of a moral character may in 
these instances determine the preference ; yet 
there is nothing unreasonable in supposing, that, 
as the instincts of the inferior animals regulate 
tlieir tastes and distastes to natural objects; so 
there may also be in the case of human beings 
congrnilies, or the reverse, between the sense im- 
pressed and the object impressing it. In fact, 
with respect to that sense, the organ of which is 
the car, it is known that infants shrink back from 
deep sounds, and express delight at acute sounds, 
long before any intellectual or moral feeling can 
sway them ; and, correspondent! y with this as- 
sertion, the lullaby of the nurse partakes, among 
all nations, of the same essential character. It is 
a fact ef|UQlly deducible from observation, that 
particular flavours and odours are naturally ae- 
ceptahle, or the reverse, to children. And again, 
with reference to the sense of touch, smooth sur- 
faces almost universally give a pleasing impres- 
sion; which is not imparted by rugged surfaces. 
Why then may it not be the same with respect 
to tlie sense of sight, in the case either of colour 
or of form ? 

The abundant supply of light from its natural 
aouTce the sun, and the ease with which it is pro- 
a 3 
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ducible by artificial means during the abeence of 
that luminary, render us habitually less sensible 
of its real value, than undoubtedly we should be, 
were we to experience a long continued privation 
of it. And as to the regularly periodical priva- 
tion of it which we experience in consequence 
of the alternation of night with day, this is so far 
from being an evil, that it is obviously beneficial ; 
inasmuch as, in consequence of this very absence, 
sleep is both directly and indirectly conciliated: 
without which gift of Heaven, all our faculties 
would soon he exhausted, and all our happiness 
consequently extinguished. 

Tlie beneficial influence of sleep on our whole 
frame is too obvious in its effects to require any 
formal demonstration : but it will be interesting 
to consider its relation to the absence of light. 
It appears then that, by a fundamental law of 
our nature, a sense of uneasiness invariably fol- 
lows a long continued exercise of our powers, 
either corporeal or mental : and, unless this 
sense of uneasiness have been produced by too 
inordinate exercise, it is soon relieved by that 
state of the system which we call sleep ; durinpr 
the continuance of which, provided it be sound 
and of a perfectly healthy character, all the vo- 
luntary muscles of the body become relaxed, and 
the nervous system remains comparatively in- 
active ; the whole body acquiring by this tem- 
porary cessation of its energies a renovated ac- 
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cumulation of those powers, which are necessary 
for the purposes of active and intellectual life. 

In order to dispose us to yield to the sensation 
of approaching sleep, the periodical succession 
of night to day has been ordained by nature. 
For, with the approach of darkness cease all the 
usual stimuli of that sense, which is accommodated 
to the impulse of light, and which calls our facul- 
ties into action more frequently than any other : 
nor is the intention of nature less evident, be* 
cause, either from avarice or the dissipation of 
luxury, some individuals protract the labours or 
the pleasures of the day beyond the natural pe^ 
riod assigned for those purposes ; since these are 
unnatural exceptions to the observance of the 
general law. 

Although it would be difficult to prove directly 
that there is any necessary connexion between 
darkness and sleep, yet this connexion is ren* 
dered at least highly probable by the effect usu- 
ally produced on the approach of darkness upon 
animals in general, but more remarkably on 
birds; for, with the exception of those whose 
habits are nocturnal, all birds betake themselves 
to sleep as soon as night approaches: and if 
darkness should anticipate night by many hours, 
as happens when any considerable eclipse of the 
sun takes place in the middle of the day, we still 
find the birds of the field as well as our domes- 
ticated fowls give the same indications of com- 

G 4 
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L posing themselves to sleep, as at the regular pe- 
\ riod of sunset. If it should be said that Uiis doe» 
Dot more serve to prove a connexion between 
L darkness and sleep with reference to these ani- 
I vials, than to prove the effect of a long continued 
' association resulting from their habit of going to 
I roost at sunset; it may be asked, why should 
[ darkness, unless from some inherent cause, lead 
them to compose themselves to sleep at the hour 
f of noon, instead of the usual hour of evening ; 
since, on the one hand, periodical states of the 
animal system do not usually recur before the 
termination of the habitual period ; and, ou the 
other hand, the individuals cannot at so early an 
hour have experienced such a degree of exhaus- 
tion as would of itself invite to sleep ? 

In stating that the voluntary action of the 
muscles ceases during sound sleep, we ought not 
to omit the remarkable fact that those muscles 
which arc not under the empire of the will con- 
tinue their action uninterruptedly through the 
deepest sleep. Of all the muscles of involun- 
tary motion, this observation holds most remark- 
ably with respect to the heart ; the continued 
action of which organ during sleep is a phe- 
nomenon worthy of the deepest attention of a 
philosophical mind. All other organs of the body 
have their periods either of absolute or compa- 
rative rest; tlie senses are in a measure periodi- 
cally locked up by sleep during one quarter at 
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least, if not one third of our whole existence; 
tlie limbs of the most athletic individual lose 
their power of motion after a few hours of unre- 
mitted exertion ; even the brain, which during 
the hours of sleep and the interruption of alt the 
common functions of the body frequently repre- 
sent* to the internal senses the most busy scenes 
of active life — even the brain may be exhausted 
by unusual fatigue, or other causes, and may 
thus involve the general system in the stupor of 
apparent death — but the heart, unless on such 
occasions as the momentary interruption of a 
swoon, never rests : so that, whether we look 
back to that period of our existence, when, in 
our yet imperfect state, there could scarcely be 
discovered the faint outline of those members, 
which in after life constitute man's strength 
and beauty, the presence of the heart may be 
recognised by the impulse of its vibratory mo- 
tion, though its form is yet undefined, or at least 
indistinguishable; or whether, on the other hand, 
we look forward to the latest moments of pro- 
tracted disease, or expiring old age, the same 
organ is the last part of our frame which con- 
tinues to give immediate proof of vital motion. 

bThe privation of light is rarely, if ever, total ; 

' though the empire of time is divided in 

Nearly equal proportion between day and night, 

there are comparatively few nights in which 

iiere is not diftused through the air a sufficient 
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quantity of light for many of the purpoees of 
life. Nor, with respect to those persons wha 
either were bom blind, or became blind in early 
infancy, is the absence of light felt with any 
degree of severity; for, in such instances, air 
though the individual may be made to under* 
stand that he wants some faculty which those 
around him possess, there cannot be however 
any consciousness of privation where there never 
had been actually any enjoyment; or where 
there was no recollection of it, if it had for a 
time existed. And even in the case of indi* 
viduals who have been deprived of sight l<Hig 
subsequently to birth, although the recollection 
of the former enjoyment must more or less im* 
bitter their present state; yet so long as the 
offices of surrounding friends are the means c£ 
administering to their comfort, more especially 
if those offices are fulfilled with kindness, the 
mind soon becomes reconciled to the privation : 
for it is a fact, repeatedly observed, that blind 
persons under such circumstances are usually 
cheerful. Nor ought we to forget the compensa- 
tion which nature affords to those who are de- 
prived of sight, in the consequently quickened 
activity of some of the other senses. 

Let us however suppose for a moment that, all 
the faculties and recollections of man remaining 
unaltered, and the general processes of nature 
continuing, if possible, the same as they are 
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now, the existence of light were withdrawn from 
this earth: what would then be the condition 
of mankind? How could those occupations of 
life be pursued which are necessary for the sup- 
ply of our simplest wants? Who in that case 
should yoke the ox to the plough, or sow the 
seed, or reap the harvest? but indeed under 
such a supposition there would soon be neither 
seed for the ground, nor grain for food : for, if 
deprived of light, the character of vegetation is 
completely altered; and its results, as far as 
general utility is concerned, destroyed. Or sup- 
^, furthe? that these necessa^ supplies of 
life were no longer required, on accoimt of some 
consequent alteration in our physical constitu- 
tion ; or that they were procured for us by any 
unknown means; yet, in all the higher enjoy- 
ments of our nature, how cheerless, how utterly 
miserable would be our situation. Under such 
circumstances, wisdom would not only be 

" at one entrance quite shut out,'*' 

but no other entrance could then be found for 
it; for of the other senses, the only remaining 
inlets of knowledge with reference to an external 
world, there is not one, which, if unaided by 
sight, could be of any practical value. With 
respect indeed to our inward feelings, though we 
should, on the one hand, be spared, by the priva- 
tion of light, the worse than corporeal pain of 
the averted eye of those who ought to meet us 
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■with gratitude and affection ; we should, on the 
other hand, lose the beams of filial or parental 
love ; of which even a momentary smile out- 
weighs an age of pain. 

As in mathematical reasoning the truth of a 
proposition is sometimes indirectly proved by- 
shewing that every process of proof but the one 
proposed would lead to an absurd conclusion: 
so, though the supposition of a general and total 
privation of light is on all probable grounds of 
reasoning inadmissible, it may yet serve to shew 
us indirectly the value of the good we enjoy. 
But it is sufficient to have given a few instances 
of the necessary effects of such a privation: and 
it will be a more grateful task to enumemte the 
actual benefits which we derive from the agency 
of light. 

In the vegetable world, upon the products of 
which animal existence ultimately depends, lio^t 
is the prime mover of every change that takes 
place, from the moment the germ emerges from 
the soil. Exclude the agency of light, and in s 
short time the most experienced botanist might 
possibly be at a loss to know the plant with 
which he is otherwise most familiar; so com- 
pletely obliterated are all its natural characters 
whether of colour, form, taste, or odour. Tbua 
tlie faded colour of the interior leaves of the let-i 
tuce and other culinary vegetables is the result 
of such a degree of compression of the body of 
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plant as excludes tlie admisi^ioD of li^ht 
beyond the exterior leaves. And, again, it" a 
branch of ivy or of any spreading plant happen 
to penetrate during the progress of its vegeta- 
tion into a dark cellar, or any similar subterra- 
neous situation, it iw observable, that, with the 
total loss of colour, its growth advances with 
great rapidity, but its proportions alter to such 
a degree as often to mask its original form. 
And, lastly, which in a practical point of view 
is of the greatest importance, if a plant which 
has grown without the influence of light be 
chemically examined, its juices, it might almost 
be said its whole substance, would be found to 
consist of little else than mere water; and, what- 
ever odour it may have, is characteristic, not of 
its original nature, but of its unnatural mode of 
growih ; becoming, in short, very like that of a 
common fungus. The total result is, that all the 
native beauties and uses of a vegetable growing 
under these circumstances are lost : the eye is 
neitlier delighted by any variety or brightness 
of colour; nor is the sense of smell gratified by 
any fragrance : the degeneracy of its fibre into 
a mere pnlp renders it unfit for any mechanical 
purpose ; and the resinous and other principles 
on which its nutritive and medicinal virtues de- 
pend, cease to be developed. In some instances, 
however, the bleaching or etio/alion of plants is 
^ul in correcting the acrid taste which be- 
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longs to them in their natural state ^ as in the 
case of endive and of celery. 

The effect of light upon vegetation has been 
selected in the preceding paragraph as affording 
the most powerful instance of the adaptation of 
this natural agent to the physical condition of 
man. Its effects upon individuals of the mineral 
and animal kingdom are neither so easily to be 
traced, nor are nearly so important in their con- 
sequences, at least in a practical point of view; 
and therefore it is not proposed to bring them 
forward in a more particular manner. 

The observation of those modifications which 
light imdergoes when reflected firom the surfiEUses 
of bodies has given rise to one of those impres- 
sive arts which are capable of contributing no 
less to the refinement of society at large, than 
to the gratification of the individuals who culti- 
vate or admire them. For who can look on the 
productions of such masters as Guide, Raphael, 
or Michael Angelo, without imbibing a portion 
of the spirit which animated those masters in 
the execution of their inimitable works ? or, if 
we quit the regions of imagination and of his- 
tory, and descend from the higher efforts of the 
art into the retirement of domestic life, who can 
successfully describe those emotions which are 
excited by the portrait of a beloved object, a 
child or parent now no more; or by the re- 
presentation of that home and its surrounding 
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scenery, in which the careless and happy hours 
of childhood were passed ? 

The intrinsic source of the pleasure which we 
experience from the contemplation of a paint- 
ing is probably to be sought for in that prin- 
ciple of our nature, of more extensive influence 
perhaps than is generally supposed, which de- 
rives a gratification from perceiving the resem* 
blance of actual or probable truth ; or even, and 
sometimes in a higher degree, from the deli- 
neation of fictitious characters and scenes: and 
hence the art of painting is easily made the ve- 
hicle of the ludicrous and the horrible, no less 
than of the sublime and the beautiful: and, hence 
also, the painter may incur a considerable de* 
gree of moral responsibility in the exercise of 
his art. But this view of the subject, though 
fertile in reflections of great moment, and prac- 
tically too much neglected, does not belong to 
the purpose of the present treatise. 

SECT. III. 
Heat. 

Fbom the consideration of the subject of light, 
the mind passes by a natural transition to that 
of heat : for these agents, though not necessarily 
or always, are in reality very often associated 
together: and they are each of them charac- 
terised by the want of that property which al- 
most seems essential to matter, namely weighl. 
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In their relation to the physical existence of 
man and animal life in genei-al, there is tliis dif- 
ference between them — the presence of light is 
only indirectly necessary; the presence of heat 
is directly necessary. Different degrees of heat 
indeed are recpiisite for different species of ani- 
mals: but if the heat to which any individual 
animal be exposed be much below that which 
natural to the species, and be continued for a 
sufficient lengtli of time, all the vital functions 
are eventually destroyed ; or, as in the case of 
the hibernation of particular species of animals, 
are at least partially suspended. 

The degree of heat adapted to the human 
frame is so nicely adjusted to the bodily fed- 
ings of man, that, if we take a range of fifty de^ 
grees of Fahrenheit's thermometer as indicating 
the average extent of variation to which tlie body 
is exposed in this climate, it will be found that a 
difference of two or three degrees, above or be- 
low a given point, will generally be sufficient to 
create an uncomfortable sensation. The late 
Mr. Walker, whose experiments on the artificial 
production of cold are well known to the phi- 
losophical world, ascertained that the point of 
62° or 63" of Fahrenheit is that, which, u]H>n an 
average of many individuals, is in this chmate 
the most congenial, as far as sensation is con- 
cerned, to the human body. But it is a merciful 
provision of nature, considering the numerous 
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Icissitudes of human life, that man is capable 
of resisting verj- great and even sudden altera- 
tions of temperature without any serious incon- 
venience. Thus an atmosphere so cold, as to 
depress the mercury in Fahrenheit's thermo- 
meter to the 52d degree below the freezing point 
of water, has been borne under the protection of 
very moderate clothinff. And, on the other hand, 
an atmosphere of a temperature as high as the 
200dth degree of Fahrenheit, which is within a 
few degrees of the boiling point of water, was 
borne by the late Dr. Fordyce, during ten 
minutes''. And it is highly worthy of notice, as 
connected with the general intention of this 
Treatise, that, during the same time, a thermo- 
meter which had been fixed under his tongue 
indicated only the 98th degree of Fahrenheit* : 
BO that the body remained very nearly of its na- 
tural temperature, during its exposure to an at- 
mosphere exceeding its own temperature by full 
i degrees '. 

This uniformity of animal temperature, under 
Buch circumstances, is in a great measure owing 
to the process of evaporation, which takes place 
from the general surface of the body, and from 
the air-vessels of the lungs: for if animals are 
confined in a chamber, the atmosphere of which 
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is SO moist that no evftporation can take place 
from the swHace of their bodies, it has been 
found that their temperature ii* as capable of 
being steadily and uniformly raised, by in- 
creasing the heat of the room in which they are 
placed, as if they were inanimate matter. 

The application of heat to the various pur- 
poses of life has a very extensive range ; and 
with reference to the daily preparation of the 
more common forms of our food, whether animal 
or vegetable, distinguishes the habits of man 
from those of every other species. Without the 
power indeed of commanding the application of 
heat in its various degrees, many of the most 
important arts of civilized society woidd fail. 

Without that power, how could ciny be hard- 
ened into the state of brick, of which material 
most of the habitations in many lat^ citiea are 
constructed 1 Without the aid of the same a^nt, 
how could quicklime, the base of every common 
cement, be produced from limestone? without 
the application of the higher degrees of heat, 
metals could neither be reduced from their ores, 
nor the reduced metals be worked into conve- 
nient forms. Neither, without the same aid, 
could that most useful substance glass be pro- 
duced ; a material, which, in comparison hardly 
known to the ancients, has in modern times 
become almost indispensably necessary to per- 
sons of the poorest class, as a substance of daily 
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U8e for various economical purposes. But if we 
consider the properties of this valuable com- 
pound, with reference to the aid derived from it 
in the investigations of science, there are few 
substances of higher importance to the philoso- 
pher. Among the most useful of those proper- 
ties are its impermeability to fluids, either in a 
liquid or aeriform state ; its ready permeability 
to light, together with its power of modifying the 
qualities of that fluid ; and its resistance to almost 
all those chemical agents, which are capable of 
destroying the texture of most other substances 
with which they remain long in contact. 

In considering the extensive utility of the 
thermometer and barometer, in their common 
and most convenient forms, it is evident that 
their practical value almost entirely depends on 
the transparency of glass, and on its imperme- 
ability to air : for if the glass, of which they are 
made, were opaque, the variations in the level 
of the quicksilver contained within them would 
be imperceptible to the eye ; and could not be 
indirectly ascertained, unless by very circuitous 
and difficult means : and, on the other hand, if 
the glass were permeable to air, the variation in 
the level of the quicksilver, in the case of the 
barometer at least, would necessarily be pre- 
vented. The same properties of transparency 
and impermeability to air very greatly enhance, 
if they do not solely constitute the value of gla^s, 

h2 
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in all those philosophical experiments which are 
carried on under what is called the exhausted 
receiver. 

But the most important result of the trans- 
parency of glass is the modification which light 
undergoes in its passage through lenticular 
masses of that material. When, for instance, in 
consequence of disease or advancing age, the 
eye no longer retains the power of discerning 
objects distinctly, how much of hourly comfort, 
as well as of intellectual enjoyment, would be 
lost, were we not able to supply the natural de- 
fect by the artificial aid of glasses of the requi- 
site form and density. And, again, how many 
important facts in the physiology of animals and 
vegetables, as also in the constitution of inani- 
mate bodies, would have remained for ever un- 
discovered, but for the aid of the microscope; 
the magnifying powers of which depend on the 
transparency, and form, and the right adjust- 
ment of those pieces of glass through which the 
objects subjected to observation are viewed? 

And, lastly, how shall we estimate the value 
of those discoveries, to say nothing of the con- 
stantly accumidating mass of observations con- 
nected with them, which the world owes to that 
wonderful instrument the telescope? By the aid 
of which not only has the knowledge of our own 
sidereal system been extended, in consequence 
of the discovery of new planets belonging to it; 
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t it eeems to have been rendered liighly pro- 
bable that those obscurely defined luminous 
masses, which sir William Herschel tenned m- 
bula, observable within the limits of individual 
constellations, are really the accumulated light 
of inniuuerable stars seen through the medium 
of a space hitherto immeasurable : and that the 
milky way itself is an extended accumulation of 
similar nebulas ; the collected light of which, at 
some inconceivable point of distance, may ap- 
pear to the inliabitants of still more distant 
spheres, as a mere speck- Dare the mind at- 
tempt to penetrate beyond this general state- 
ment, and to siteculate upon the characters of 
its detail ? What if there be a resemblance, or 
even an analogy, between the structure and in- 
habitants of this earth and of the other plaiieta 
of onr system ! What if every fixed star which 
we either see with the naked eye or by the aid 
of the telescope, or whose existence we can con- 
ceive on probable grounds by the mind's eye, be 
itself the centre of a system consisting, like our 
own, of numerous subordinate spheres, and every 
one of these inhabited by responsible agents, like 
ourselves; to whose uses both inorganic elements 
and animals and vegetables, analogous if not 
similar to our own, may be subservient ? What 
if die moral history and state of the inhabitants 
of those numberless spheres be like that of 

ft^^But the view, which the investigation of 
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this question seems capable of unfolding, is too 
awful for the eye of reason ; and, however its 
discussion might magnify our conviction of the 
infinite power and goodness of the Creator, is 
not to be approached perhaps without culpable 
presumption. 

Let us therefore return to ronsiderations more 
appropriate to the character of human know- 
ledge : and, having referred to the effects pro- 
duced by heat on various forme of matter, let us 
inquire what facilities nature has placed withitl 
our reach for the purpose of exciting and main- 
taining heat itself. The chemist in his labor- 
atory, surrounded by the numerous and various 
agents which he is constantly employing, can 
never have any difficulty in producing the vestal 
element. By concentration of the sun's rays he 
may inflame any combustible substance : by 
compression of common air in a small cylinder 
of glass, or metal, he may ignite a piece of fun- 
gus, or inflame a piece of phosphorus, attached 
to the extremity of the piston which is employed 
to compress the air. He may instantaneously 
produce flame by pouring concentrated nitric 
acid on oil of turpentine, or on certain saline 
compounds; by the simple trituration of phos- 
phorus, or other chemical agents ; by directing 
a small stream of inflammable air on minute 
particles of platina loosely aggregated in a state 
somewhat resembling sponge ; or, not to accu> 
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Biiilate too many insUuicea, he may delight him- 
adf for the thousandth time by igniting a fine 
wire of steel, in passing the electric current 
along it by means of the Voltaic apparatus s. 

There are few individuals however who have 
commonly such magic instruments at hand : and, 
even if they had, it is probable that they would 
want both the leisure and inclination to preserve 
them in a state fitted to produce at any moment the 
intended efiect ; for, though each successive year 

9 It wiU not perhaps be deemed impertinent^ to relate an in- 
slance oif the aagacjty of the hite Dr. Wollaston^ in connexion 
with the present subject. It happened to the author of this 
Treatise, at "a comparatively early period of his life, to deliver a 
letter of introduction to Dr. Wollaston at a moment when that 
philoeopher was engaged in conducting an electric current^ by 
means of the Voltaic apparatus, through three portions of fine 
steel wire^ differing from each other in diameter. With that vi. 
Tadty of manner, which in him resulted rather from the simple 
eonscioasness of the acquisition of truth, than from the ignoble 
triumph qi individual superiority^ he asked which of those wires 
would first become of a red heat ; and being answered^ at a 
hazard rather than from any reasonable ground of conjecture, 
that a red heat would perhaps first take place in the thickest of 
the three—" I expect it will/' he said, " and that the finest wire 
f ' will naver reftck a red heat ; for I conclude that, from its ex- 
I' treme fineness^ the heat excited in it will be dissipated by ra- 
" diation so rapidly, as to prevent the accumulation of a quan- 
^ tity sufficient for its ignition." It need hardly be added that 
yie conjecture was verified. 

As an inftance of the minute scale on which Dr. Wollaston 
w^s in the habit of carrying on his philosophical investigations^ 
it may be mentioned that the preceding experiment was con- 
SoGted in a single cell of a single and moderately sized Voltaic 

tBOUgfa. 

h4 
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has of late given birth to some new form of ap- 
paratus calculated to produce instantaneous light, 
we find ourselves constantly recurring to the flint 
and steel, which our forefathers of many genera- 
tions have used ; and which will doubtless be 
the staple apparatus of our latest posterity. 

The more important part of the present in- 
quiry remains to be considered, the means 
namely of maintaining heat, when once ex- 
cited, to a Butficient extent and degree of in- 
tensity for the various purposes of social and 
civilized life. To this important purpose, among 
others, the products of the vegetable world, both 
in a fossil and recent state, are destined ; and 
in examining the origin and general history 
of some of these products, particularly with re- 
ference to common coal, we shall meet with ail 
interesting example of those provisions of nature 
which Dr. Paley has denominated prospective 
contrivances. 

In the early periods of civilization, and while 
the population of a country bears a small pro- 
portion to the extent of soil occupied, the in- 
digenous forests easily supply an ample quan- 
tity of fuel : or, in the absence of those larger 
species of the vegetable kingdom which may be 
described under the term of limber, the hum- 
blest productions of the morass, though not the 
most desirable, are however a sufhcient sub- 
stitute. Thus the sphagnum palustre and other 
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, by their successive growth and decay, 
form the combustible substratum of those exten- 
sive and at present uncultivated tracts in Ire- 
hind, which, till they shall have happily been 
reclaimed by the industry of a yet barbarous 
population, contribute by the turf and pea,t 
which they afford, to the comfort of myriads of 
individuals ; who, were it not for this source of 
supply, would be, in their present state, in total 
want of one of the principal necessaries of life. 

In many populous districts of this island, the 
aboriginal forests, which formerly so amply sup- 
plied the surrounding inhabitants, have long 
since been cleared from the surface of the earth: 
and their site is now occupied by cultivated 
lands and a condensed population. The former 
source of fuel has consequently in such parts 
long since failed : but the clearing of the surface 
has in many places detected that invaluable mi- 
neral combustible, which, usually bearing in it- 
self indubitable marks of a vegetable origin, 
from the traces of organization still apparent in 
almost every part of its substance, was deposited 
ages before it was wanted, as a future substi- 
tute for the fuel which in the meantime has 
been derived from the actually existing veget- 
able kingdom. 

It is not intended here to enter into the gene- 
ral consideration of those geological formations 
caUed coaijields, which are the repositories of 
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tbis useful mineral : but tbere is one cucum- 
stance in their liistory so evidently calculated 
to facilitate tbe labovir of man in obtaining this 
BubstuDce, and to extend its supply, and so re- 
markably though not exclusively characteristic 
of tliose particular formations, that, though not 
obvious to a general observer, it cannot fail to 
arrest the attention of those to whom it is pointed 
out. A coal tield may be represented, in a po- 
pular description, as consisting of a succession 
of alternating strata of coal and sand-stone, &c. 
which, having been originally deposited in 
basin-shaped cavity, in such a manner as to be 
at the same time parallel to tlie concave surface 
of the basin and to each other, have been sub- 
sequently broken up by some force that has 
Uirown the planes of tlie ruptured masses Into 
various directions. Now, had the strata remained 
undisturbed, a very considerable proportion of 
the coal which is now quarried would most pro- 
bably never have been obtained by human in- 
dustry: for, the strata dipping down from the 
circumference towards the centre of tlie basin, 
that perpendicular depth, beyond which it iB 
practically impossible to work the coal, would 
soon have been reached in tlie operation of min- 
ing. But, in consequence of the rupture and 
consequent dislocation of the strata, many of 
those portions which were originally deposilfd 
at such a depth beneath tlie surface as would 
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haye rendered the working of them impoBsible, 
hare been thrown up to the very surface ; and 
thus have become available to the miner. 

SECT. IV. 
The general Uses of Water. 

One of the earliest political punishments of 
ancient Rome affords an indirect but very re- 
markable proof, of the immediate importance of 
the elements of fire and water ^ to himian life : 
for this punishment consisting, in part, in an in- 
terdiction from the use of water, compelled the 
individual so. punished to fly from his native 
lieighbourhood, in order to obtain that neces- 
flary article of support elsewhere : and, hence, 
banishment and interdiction from fire and water 
became synonymous terms. There are few who 
have not experienced the uneasy sensation oc- 
casioned by even a temporary privation of this 
necessary: and the death that ensues upon a 

^ An apology will hardly be required fbr applying the term 
elemetU to a substanoe, which though it has long been experi- 
mentally ascertained to be a compound, will in a popular view 
be always considered as a simple body; especially if it be re- 
membered that eren among the ancients this term did not neces- 
sarily im]^y diat the substance so called was absolutely a simple 
cr unooBipounded body. It was sufficient with them, that, in 
all the known processes and phenomena of nature, the substance 
presented itself under the same essential form : but they were 
prepared to allow that elementary bodies (trroix^ia) might possi- 
bly be resohred into absolutely sim^e principles (apxaS)' 



108 



ADAPTATION OF THE ATMOSPHERE 



continued privation of it is, perhaps, of all modes 
of death the most dreadful. This we learn from 
the occasional accounts of individuals who have 
escaped from shipwrecks, in which their com 
panions had perished amidst the agonies of 
thirst. And it is said of those unhappy victims 
of a barbarous punishment, in Persia, (who be- 
ing immured in masonry as to every part of 
their body hut the head, are left to perish in 
that state,) that they terminate their last hours, 
perhaps days, in incessant cries for water. 

The necessity of this element for our support 
may be antecedently inferred, on philosophical 
principles, from an examination of the physical 
composition of any animal body ; of which, in 
by far the greater number of instances, more 
than three-fourths of the whole weight are due 
to the presence of water. This water of com- 
position may be easily separated by the appli- 
cation of a moderate degree of heat, or even by 
spontaneous evaporation at a comnmn tempera- 
ture, witliout any further decomposition of the 
body ; the muscles and skin consequently shrink- 
ing to such an extent, as to give the whole frame 
the appearance of a skeleton, enveloped, as it 
were, in parchment. Such a result is occasioa- 
ally observable in human bodies which have 
, been deposited in dry cemeteries; and is by no 
means uncommon in the case of small animals, 
as rats, for instance, which having been acci- 
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3ehtally wedged in between a wall and a wains- 
cot, are subsequently found in the state above 
described. 

An experiment of a very simple character in 
itself, and very easily made, will serve to ascer- 
tain, not only the proportional quantity of water 
of composition contained in some forms of ani- 
mal matter, but also the properties communi- 
cated by the presence of that element thus com- 
bined. Every one has noticed the opaline or 
milky appearance and the remarkable elasticity 
of cartilage, or gristle, as it is more commonly 
called : which characters depend on the water 
contained in it; for if a piece of gristle, the 
weight of which has been previously ascertained, 
be exposed to the air of a warm room, it will at 
the end of a few hours have lost a portion of its 
weight ; and will have become nearly transpa- 
rent, and entirely inelastic : and if, in this state, 
it be immersed in water, it will gradually re- 
cover its original weight, and also its elasticity 
and opaline appearance. If, instead of gristle, 
a piece of boiled white of egg he employed, the 
same results will be observable ; for, together 
with loss of weight and elasticity, it will become 
brittle, and nearly as transparent as pure am- 
ber: and on the other hand, by subsequent im- 
mersion in water, its original properties M'ill be 
soon restored. By experiments nearly as simple 

> those above mentioned it may be demon- 
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strated, that all the liquid and solid parts of cm 
animal, with some few exceptions, contain or 
consist of more than three- fourths of their weight 
of water : the importance of which element in 
the mere composition of our body is hence ili- 
rectly evident. 

But if we wouid have a familiar illustration of 
its importance iu the daily and hourly occur- 
rences of life, let u» in ima^fination accompany 
an individual of moderate rank and condition in 
society, from the time of his rising in the morn- 
ing till the hour of sleep at night, in order to ob- 
serve the utility of water in administering either 
directly or indirectly to his various wants and 
habits. How great is the comfort, to say nothing 
of the salubrity of the practice, which results to 
him from the appUcation of water to the surface 
of the body, by means either of the bath or any 
simpler process ! and, again, the change of the 
linen in which he is partially clothed is rendered 
equally comfortable and salutary, in consequence 
of its having been previously submitted to the 
process of washing. The infusion of coffee or of 
tea, which is probably an essential part of his 
earliest meal, could not have been prepared 
without water : neither could the flour of which 
his bread consists, have been kneaded ; nor the 
food of his subsequent meal, the broths and most 
of the vegetables at least, have been rendered 
digestible, without the aid of tlie same fluid; 
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I with respect to his common beverage, whe- 
ther milk, or any ibrm of fermented liquor, water 
still constitutes the main bulk of that beverage. 
So far the use of water is directly and imme- 
diately necessary to his comfort and subsistence: 
but its indirect and remote necessity is equally 
observable in all that siurounds him. There is 
scarcely an article of his apparel, in some part 
of the preparation of which water has not been 
necessarily employed ; iu the tanning of the 
leather of his shoes ; in the dressing of the flax 
of which his linen is made ; in the dyeing of the 
wool of his coat, or of the materials of his hat. 
Without water the china or earthen cups, out of 
which he drinks, could not have been turned on 
the lathe ; nor the bricks, of which his house is 
constructed, nor the mortar by which they are 
cemented, have been formed. The ink with 
which he writes, and the paper which receives 
it, could not have been made without the use of 
water. The knife with which he divides his 
solid food, and the spoon with which he con- 
veys it when in a liquid form to his mouth, could 
not have been, or at lea.st have not probably been 
formed, without the application of water during 
some part of the process of making them. 

By water the medical principles of various 
vegetable and mineral substances are extracted, 
and rendered potable; which could not be in- 
duced into the animal system in a solid state: 
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and this element itself becomes occasionaUy a 
most powerful medicinal instrument by its ex- 
ternal application, in every one of its forms; 
whether as a liquid, under the name of the cold 
or warm bath ; or in the form of ice, in restraiflh 
ing internal inflammation and hemorrhage; or in 
the state of steam, as in the application of the 
▼apour bath. 

SECT. V. 
BiUhs, 

The custom of bathing, whether in a medium 
of a high or of a low temperature, appears to be 
in a great measure derived from the gratification 
of a natural feeling : for we find it prevalent in 
every country and in every stage of society, not 
only with reference to its medicinal dfectB, but 
as a mere luxury. Thus at every season of the 
year, when the sky is serene at least, the in- 
habitants of hot climates plunge into their native 
streams for the sake of the refreshment impart- 
ed to the surface of their bodies ; and the same 
refreshment is equally sought by the natives of 
colder climates during the heat of their short 
simimer : in each of which instances the plea- 
surable sensation is the principal motive for the 
practice. But on some occasions a more per- 
manent good is sought ; and the hope of inmie- 
diate pleasure is so far from being the motive, 
that a sensation very nearly allied to pain, and 
in many instances less tolerable than pain itself. 
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is encountered in the shoek of the cold batli, 
with a view to the preservation or restoration of 
health. It may be said perhaps that the fr'ow 
of warmth which usually succeeds this shock is 
in itself a pleasure; as indeed it is: hat it may 
be presumed that very few individuals expe- 
rience any pleasure from the shock itself, or 
would consent to encounter it but for its plea- 
surable and beneficial consequences. 

For the enjoyment of the cold bath nature 
affords the immediate resource of springs and 
rivers, in almost every part of the world ; but 
the enjoyment of the warm bath is in general 
not easily attainable ; warm springs being com- 
paratively of rare occurrence: the plejisure of 
the warm bath however is so congenial to man's 
feelings, that it is sought for by savages as well 
as by the inhabitants of the most hixurious 
cities; and is as acceptable in tropical as in 
cold climates. 

It is at all times interesting to contemplate the 
expedients which human ingenuity discovers for 
the accomplisiiment of its purposes : but such a 
contemplation is more particularly interesting 
when it developes the revival of a principle, the 
knoM'ledge of which had been buried during 
many centuries of intervening ignorance ; and 
Us justifies the reflection of moral wisdom : 

' Miilta renascciitur, <|ua' jam cwirfere" 

■^'The thing that hath been, it is that which shall 
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'' be ; and that which is done is that which shall 
^' be done : and there is no new thing under the 
" sun." 

In a most amusing and instructiye account 
of Pompeii, which forms one of the volumes 
published under the name of the Library of £n- 
tertaining Knowledge, is a dissertation on the 
Baths of the Ancients ; which will amply repay, 
by the information it conveys, the time occupied 
in its perusal. In that dissertation is contained 
a description of the remains of some public 
baths, discovered in the excavations of Pompeii : 
and with reference to the disposition of the fur- 
nace of the baths a fact is stated, which is pecu- 
liarly applicable to our present purpose. 

It is evident that, in consequence of the enor- 
mous quantity of water which was daily heated 
in their public baths, the attention of the an- 
cients must necessarily have been directed to 
the most economical mode of applying the fuel 
by which the heat of the furnace was main- 
tained : and the following extract from the above- 
mentioned account of Pompeii will shew that, 
even in a small town of ancient Italy, an econo- 
mical principle was well understood and applied 
eighteen centuries since, which has only been of 
late revived in modem science. It is stated in 
that account (p. 152), that " close to the furnace, 
'' at the distance of four inches, a round vacant 
^' space still remains, in which was placed the 
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" copper for boiling water (cahtartum) ; near 
*' which, with the same interral between them, 
was placed the copper for warm water (^epi- 
darium) ; and at the distance of two feet froxn 
** this was the receptacle for cold water (fri- 
** gidarium). A constant communication was 
^' maintained between these vessels ; so that as 
** fast as hot water was drawn oflF from the cal- 
darium, the void was supplied from the tepi- 
darium, which, being already considerably 
^ heated, did but slightly reduce the tempera- 
ture of the hotter boiler. The tepidarium in 
its turn was supplied from a general reservoir : 
so that the heat which was not taken up by 
the first boiler passed on to the second ; and, 
instead of being wasted, did its office in pre- 
paring the contents of the second for the higher 
temperature which it was to obtain in the first. 
It is but lately that this principle has been 
^^ introduced into modem fiimaces ; but its use 
*^ in reducing the consumption of fiiel is well 
" known." 

In the same account of Pompeii is afibrded a 
striking instance, with reference to the vapour 
bath, not only of the similarity of the means 
employed for producing a similar efiect, by in- 
dividuals between whom no communication can 
be traced or even supposed ; but also a similarity 
of custom, with reference to the enjoyment of 
social intercourse, between communities not less 

i2 
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widely separated from each other by time and 
space, than by decree of civiUzation ; between 
the luxurious inhabitants of imperial Rome 
eighteen centuries ago, and tlie savage tribes of 
north-western America at the present day. 
The author of the account of Pompeii states 
(p. 187 — 100). on the anthority of Tookes Rus- 
sia, " that the Russian baths, as used by the 
" common people, bear a close resemblance to 
" the vapour bath (lacoiiicum) of the Romans, 
" They usually consist of wooden houses, sitii- 
" ated, if possible, by the side of a running 
" stream. In the bath-room is a large vaulted 
" oven, which, when heated, makes the paving; 
"stones lying upon it red hot; and adjoining 
" to the oven is a kettle fixed in masonry for 
" the purpose of holding; boiling water. In those 
" parts of the country where wood is scarce, the 
" baths sometimes consist of wretched caverns, 
" commonly dug in tlie earth close to the bank 
" of some river. The heat in the bath-room is 
" usually from 104" to l-ii" of Fahrenheit; and 
" may be much increased by throwing water on 
" the glowing hot stones in the chamber of the 
" oven. The Russian baths therefore are va- 
" pour-baths; and it appears that even tlie sa- 
" vage tribes of America are not wholly unac- 
" quainted with the use of the vapour-bath. 
" Lewis and Clarke, in their voyage up the JWis- 
" souri, have described one oi' these in the fol- 
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"lowing; terms : ' We observed a vapour-bath, 
F*onsif»tin^ of a hollow square of six or eight 
pfcet deep, formed in the river bank by dam- 
F'ming up with mud the other three sides, and 
r covering the whole completely, except an aper- 
►ture about two feet wide at the top. The 
Pbathers descend by this hole, taking with 
• them a number of heated stones, and jugs 
' water ; and. after being seated round the 
lom, throw the water on the stones till the 
rteam becomes of a temperature sufficiently 
high for their purposes'.'" 
' It appears then, from the foregoing statement, 
that the peasants of Russia, and the savages of 
North America, are in the habit of employing 
the same means for converting water iuto va- 
pour, which were employed by the Romans at 
the most luxurious period in their history : and 
to the jjeasants of Russia and the savages of 
North America, may be added the natives of 
New Zealand and other islands of the Pacific 
ocean; merely with this qualification, that they 
employ the steam, so raised, not for the purpose 
of a vaponr-bath, but of dressing their food. 

It is worthy of notice, as illustrative of the 
social feeling inherent in human nature, that, 
equally among the uncivilized natives of Ame- 

II as among the luxurious inhabitants of an- 
!k: 



J-Sauer. in his aeccunt of Billiiifji 
e kind of hath :ih ubpiI in niirth- 



jiedition, dcscrihes tlie 
America ([). 175). 
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cient Italy, '' it is very uncommon for an indi* 

*' vidual to bathe alone ; he is generally accom<* 

^' panted by one, or sometimes several, of his 

*' acquaintance: bathing indeed is so essentially 

'^ a social amusement, that to decline goii^ in 

'^ to bathe, when invited by a friend, is one of 

'' the highest indignities that can be offered to 

" him" (p. 190). 

SECT. VI. 

The Fluidity of Water. 

Familiarized as we are to the consequences 
resulting from that property of water, whereby its 
particles move so easily among themselves as to 
yield to the least impulse, provided there be space 
for yielding, we rarely perhaps meditate on it8 
importance : and yet it is entirely owing to this 
property that a free communication is capable 
of being maintained between distant parts of the 
world by means of the ocean at large, and be- 
tween different parts of the same country by 
means of navigable rivers; or by those more 
than rivals of navigable rivers, artificial canals^. 

Rarely also, perhaps, do we meditate on the 
equally important fact, that, throughout the 
greater part of the world this element usually 

^ It has been stated^ on credible authority, that an agent of 
a great proprietor of canals being incidentally asked^ during a 
Ijegal examination^ for what purpose he conceived rivers had 
been made^ answered, " that, no doubt, thev were intended to 
" feed canals." 
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ists ill a liquid state: and importaDt indeed is 
that fact; for, of the three states under whicii it 
is capable of existing, namely of ice, water, and 
vapour, if its predominant state Iiad been that 
of ice or of vapour, philosophers might possibly 
have conjectured, but the world could never 
have seen realized, the mighty results of com- 
merce as depeudine on the art of navigation. 

From the same physical character of water, 
above described, namely, its fluidity, manifest- 
ing itself actively instead of passively, are daily 
produced results of equal importance to society, 
and equally surprising in themselves. Who in- 
deed can adeijuately describe the advantages 
derived from water in aiding the powers of me- 
chanism, from the half-decayed and moss-grown 
wheel that scarcely sets in motion the grindiiig- 
stone of the village mill, to the astonishing mo- 
mentinu of the steam engine which kneads a 
hundred tons ol' heated iron with as much ease 
as ihe hands of the potter knead a lump of clay! 

And here, since it is of the utmost importance 
to mankind that this element should usually 
exi.st in a liquid state, let us pause a while to in- 
vestigate the means employed by nature to pre- 
vent its rapid converbion either into vajwur or 
into ice. For although its partial existence in 
both those states is perhaps eventually as neces- 
sary to tlie general good of the world as its more 
non state of water, yet, if its sudden or rapid 
I 4 
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conversion into either were not prevented, great 
temporary evil would necessarily ensue from our 

J privation of it as a liquid. 

It has been already mentioned that the atmo- 

I sphere constantly lioldft in solution or suspension 
«. great body of water, in a state of minute divi- 
sion : but the quantity that can be carried up 
into the atmosphere by the process of evapora- 
tion is limited in two ways ; first, by the air's 
incapability of holding in suspension more thaD 
a certain proportion ; and secondly, by the re- 
etraining efiect of the pressure of the atmo- 
sphere. But the rapid evaporation of water is 
also prevented by the comparatively low tempe- 
rature at which all its natural forms exist, even 
in tropical latitudes. 

The prevention of the sudden conversion of 
water into ice depends on a peculiarity in its 
physical constitution, which is no less remark- 
able in a simply philosophical point of view, 
than beneficial in its result to the great bulk of 
mankind . Water, in common willi all other 

( &rms of matter, is gradually contracted in its 
volume by a diminution of its temperature; and 
ultimately passes into a solid state. It does not 
however continue to be condensed to the mo- 
ment of its congelation, but only to a certain de- 
gree of temperature ; from whence it begins to 
expand ; and continues to expand till it arrives 
at the point of congelation. 
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■in this deviation from a general law we find a 
very beneficial accommodation to the wants of 
man ; for had it been the property of water to 
become more and more condensed as it ap- 
proached the point of congelation, one of the 
consequences would have been that lakes and 
rivers, instead of becoming gradually frozen from 
the surface towards their bed, would almost in a 
moment have become one solid mass of ice : and 
the evil that woidd be produced by euch an ef- 
fect may be conjectured, by considering that 
whenever a long protracted and severe frost has 
thickened to an unusual extent the superincum- 
bent stratum of ice, the difficulty of breaking 
Uirough this stratum, in order to arrive at the 
water beneath, is proportionally increased, and 
sometimes becomes practically insuperable. 

It will be interesting to trace the steps by 
which this provideutial law of nature is mani- 
fested : and the whole process is easily rendered 
intelligible to any one who will simply bear in 
mind these three points, namely, that the aver- 
age temperature of lakes and rivers is during 
the heat of summer more or less above the 40th 
degree of Fahrenheit's scale ; that water itself at 
about the 40th degree is of its greatest density ; 
and that under all common circumstances it 
freezes, or becomes solid, at the 3*2d degree. If 
we suppose then the temperature of a jwol or 

ice to equal at any given moment the 50th 'de- 
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gree of Fahrenheit ; and a gradual reduction of 
its temperature to take place from that moment 
by the effect of a constantly diminishing tem- 
perature of the air ; under such circumstances 
the following phenomena would occur. The 
particles of the water at the surface becoming 
more condensed, that is heavier, as they became 
cooler, would sink towards the bottom, and be 
replaced by the hitherto subjacent particles; 
which in their turn, undergoing a similar de- 
crease in their temperature and condensation, 
would consequently subside towards the bot- 
tom ; till at length the whole mass of water had 
arrived at the temperature of about 40**. From 
this point any progressive decrease of tempe- 
rature would have an expansive effect upon the 
particles of water near the surface ; which, being 
thus rendered relatively lighter than the parti- 
cles of the subjacent mass, would not subside; 
but, remaining on the surface, would continue 
to be expanded and made still lighter till they 
had reached the temperature of 32°; at which de- 
gree, under ordinary circumstances, they would 
freeze. But the coat of ice thus formed would 
be, in some measure, a barrier to the effect of 
the colder atmosphere upon the bulk of the 
water beneath; which consequently would re- 
main for a comparatively longer time in a 
liquid state ; and would be easily procured for 
general purposes, by making partial openings 
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through the frozen surface. Now if the density 
of water continued to increase in a regular pro- 
gression to the moment of congelation, it would 
necessarily happen, from the sinking of the par- 
ticles gradually thus condensed, that at some 
given moment the temperature of the whole 
mass, still in a liquid state, would have arrived 
at the freezing point; and consequently the 
whole ma3s would have been frozen, or be- 
come solid, at the same moment. The possi- 
bility of such a simultaneous congelation is not 
merely a philosophical deduction, it sometimes 
actually occurs. Thus, under certain circum- 
stances, particularly if kept entirely free from 
agitation, water, still retaining its liquid form, 
may be cooled down to a point several degrees 
below that of congelation ; when, upon a slight 
agitation, the whole mass is converted at once 
into the state of ice. 

SECT. VII. 
The natural Sources of Water, 

For the supply of a substance of such imme- 
diate necessity to the very existence of man, 
and of such extensive utility in promoting his 
comforts, nature has provided the amplest means ; 
all however ultimately derived from that mass of 
water which has been carried up into the at- 
mosphere by evaporation from the sea : so that 
if that evaporation were to fail, all forms of Imi- 
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mal and vegetable matter, with the exception of 
those which belong to the ocean itself, would 
soon perish ; for under such circumstances the 
earth would he deprived of those seasonable 
showers, without which its vegetable produc- 
tions could not be sustained ; and every spring 
would soon fail, and every river be dried up; 
for rivers are in most instances formed by the 
prof^ressive accumulation of various torrents; 
and these are prmluced by that portion of Tain 
which, having fallen upon the ridges and in- 
clined surfaces of hills and mountains, descends 
more rapidly than the soil can absorb it : and 
springs result, in a manner that will be hereafter 
mentioned, from the accumulation of that por- 
tion of the rain which sinks beneath the surface 
on which it has fallen. But it is evident that if 
the vegetable world were to perish, the animal 
world could not long survive. 

Nor are the laws by which the moisture, con- 
tained in the atmosphere, is precipitated from it 
I dews or rain, among the least admirable in- 
tonces of the provision made by nature for a 
constant supply of the wants of man. 

The mechanism, if the term be allowable, by 
which the formation of clouds and the occa- 
sional descent of rain are regulated, resides in 
the variableness of the state of the heat and 
electricity of the atmosphere : in consequence of 
which a given mass of air is incapable of re- 
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ling, in solution or suspension, the same quan- 
tity of moisture which it did before ; and hence 
that moisture is precipitated in the form of dews 
and fht^ ; or, being previously condensed into 
accumulated masses of clouds, is discharged from 
those clouds in the form of rain. 

It almost seems puerile to ilhistrate the adap- 

ition of the present laws and order of nature to 
wants of man, by liie supposition of the con- 
lences that would ensue from a failure of those 
and yet, as in actual life we often feel not 
the value of the good which we possess, till ad- 
monished by the prospect of its loss; so, with 
reference to the constitution of nature, we may 
more forcibly be impressed with the conviction 
of its general harmony and subserviency to our 
wants, by the supjwsition of its being different 
from what it is, than by the direct contemplation 
of its actual state. In supposing then that means 
had not been provided for the regular discbarge 
of portions of that mass of water which has been 
carried up into the atmosphere by the process 
of evaporation, the existence of that mass would' 
have been of little avail to man : for mere con- 
^^Mt of an atmosphere, however moist, could not 
^^MUote vegetation to any useful extent'; and 

^^^Niebuhr assert*, what is ci-nfirined by otlitr triivcllcrs, that 
mauy trucis In Egypt iiiid Palestine, formerly itfell tuliivuted bikI 
fertile, are at present inm-e deserts fur want of irrigation, (Den- 

^||^de]-Arahi.-,|i 241.} 
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die formation of springs and rivers would be as 
effectually prevented by rain ceasing to fall from 
the atmosphere, as if the material of the rain it- 
self did not exist in it. 

Of the modes in which nature disposes of the 
rain that has fallen on the earth, and of the 
formation of natural springs and rivers, more 
particular notice will be taken hereafter : but it 
may be observed by the way. that, althou^y. 
there is scarcely any substance which water itf- 
not capable of dissolving to a certain extent, 
and consequently no natural -form of water is 
pure, yet in almost every instance the natural 
forms of water are not only innocuous, but sa- 
lutary. 

SECT. VIII. 
The Air qfthe Atmosphere, as connected Ttnih Respiraium. 

If we suppose the atmosphere deprived of 
heat, and light, and moisture, and of all those 
other heterogeneous particles which are either 
naturally or accidentally contained in it ; there 
^Itill remains the medium which is the receptacle 
JSnt vehicle of those various substances : and this 
medium is indeed that, which in common appre- 
hension is understood to be the atmosphere it- 
self. 

Of the vital importance of atmospherical air 
no formal proof can be required ; for every one 
capable of the least reflection must know that 
its presence is almost constantly necessary to tlie 
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existence of man, from the moment of his birth 
to that of his death. Of all other external aids 
we may be deprived for a comparatively long 
time without danger, or even without much in- 
convenience ; of light and heat for instance, and 
of food and sleep : but we cannot be deprived of 
the air which we breathe even for a very few 
minutes, without dreadful distress; or, if for 

ore than a very few minutes, without the ex- 
tinction of life. 

This vital importance of the air depends, prin- 
cipally, on its capability of assisting to withdraw 
from the body, chiefly through the agency of the 
lungs, portions of that peculiar principle called 
carbon; the permanent retention of which would 
be incompatible with the continuance of life. 
And the union of this principle with one of the 
constituent parts of atmospherical air is pro- 
bably efiected in the lungs during the process of 
respiration ; the compound passing ofi* in the act 
of expiration, in the state of an aeriform fluid, 
called carbonic acid gas. 

But, in order to give a clear idea of the natu 
oi the process of respiration, it will be necessary 
to explain more particularly not only the con- 
stitution of that portion of the atmosphere which 
supports this process, but some of its chemical 
relations to other substances. Atmospherical air 
then, considering it in its adaptation to the pro- 
cess of respiration, consists of a mixture or com- 
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bination of two aeriform fluids, which are very 
different from each other in character, but inli- 
pately blended together in the proportion of four 
to one. Of tliese two fluids, tliat which is in the 
smaller proportion is not only capable of Hup- 
porting life, when i-espired or breathed alone ; 
but is capable of supporting it for a much longer 
period than an equal volume of atmospherical 
air would have supported it : and if, instead of 
being employed for the process of respiration, il 
be made the medium of supporting combustion, 
the consequent phenomena are still more re- 
markable ; for the combustible body not only 
burns for a longer time than it would have done 
in the same quantity of atmospherical air, hot it 
burns with an intensity much more vivid ; the 
light of the flame being in many instances toO 
powerful to be easily borne by the eye. On the 
other hand, that constituent part of atmospherical 
air, which is in the greater proportion, not only 
L will not support either life or flame, even for a 
: time, but extinguishes both, almost in an 
fetant. 

By numerous experiments, which it is at pre- 
sent unnecessary to describe, it has been ascer- 
tained, tliat many of the metals are capable of 
attracting and combining with this respirable 
part of the air : during which process the me- 
tallic body assumes an earthy character, and be- 
comes increased in weight; while the weight of 
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tfie air. in which the experiment has been con- 
ducted, becomes diminished exactly to the 
ftiuount in which that of the metal has been in- 
creased : and, at the same time, the residuary 
portion of the air which has been employed in 
the experiment equals only about four fifths of 
the original volume ; and is now incapable of 
supporting either life or flame. But, by pro- 
cesses well known to chemists, the metallic sub- 
stance may be made to yield a quantity of air 
equalling that which has been lost during the ex- 
periment, the metal at the same time returning 
to its original state and weight ; wliile the air, 
thus separated, if added to the residual portion, 
not only restores the volume and weight of the 
original qiiantity ; but also its power of anp|H)rt- 
ing life and Hame. 

If, instead of a metal, certain inflammable 
ftulHttaiices be employed, similar changes are ef- 
fected on the air; and the inflammable sub- 
stance, together with an increase of weight and 
other alterations, acquires acid properties; and 
hence that respirable portion of the air has, from 
a Greek derivation, been called oxygen; as being 
the effective cause of the acidification of those 
mrtammable bodies. It has moreover been 
ascertained that, during combustion, a piece 
of pure charcoal weighing twenty-eight grains 
combine^* with as much oxygen gas as would 
seventy-two grains; and, as the volume 
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of the gas employed remains the same at the 
end of the experiment that it was at the be- 
ginning provided it he hroiight to the t*ame de- 
gree of temperature and atmospherical pres- 
sure, it appears that the carbon is as it were 
held in solution by the gas : and as this che- 
mical compound of carbon and oxygen pos- 
sesses acid properties, it is called carboaie add 
gas. 

A volume of this gas, then, which weighs one 
hundred grains, consists of twenty-eight grains 
of carbon chemically combined with seventy- 
two grains of oxygen : and it has certain pro- 
perties, by which, without the labour of actual 
analysis, it may be recognised from any other 
gas; among the more important of which, for 
our present purpose at least, is the readiness 
with which it communicates a wheyish appear- 
ance to lime-water, when made to pass through 
that bquid. Making use of this character as 
a test, any individual may easily satisfy him- 
self that during the process of respiration a 
quantity of carbonic acid gas passes from his 
lungs: for if, after having inhaled a portion of 
atmospherical air uncontaminated with any mix- 
ture of it, he breathe slowly through a narrow 
tube, the further extremity of which is immersed 
beneath the surface of a portion of lime-water, 
he will observe that as the bubbles of air rise 
through the lime-water, that liquid becomes 
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^aque ; antl the opacity thus communicated to 
the water can be shewn to be the result of a 
compound formed by the imion of the carbonic 
acid, which has evidently been given out from 
the lungs, with the lime previously held in solu- 
tion in the lime-water. 

Let it now be kept in mind that a hundred 
cubic inches of carbonic acid gas, imder ordi- 
nary circumstances, weigh a little more than 
forty-six grains; and that a quantity of the 
Bame gas weighing a hundred grains contains 
twenty-eight grains of carbon ; and the follow- 
ing statement will be easily intelligible. It ap- 
pears, from experiments which have been made 
for the purpose, that during the process of re- 
spiration in an individual of ordinary size and 
health, about twenty-seven cubic inches and a 
half of carbonic acid gas are given off from the 
lungs in the cmirse of one minute; which at the 
end of twenty-four hours would amount to 39,tiOO 
cubic inches, or in round numbers 40,000 ; and 
as 100 cubic inches weigh 4(i^ grains, 40,000 
would weigh 18,532 grains. Then, since a quan- 
tity of carbonic acid gas weighing 100 grains 
contains twenty-eight grains of carbon, a quan- 
titj- weighing 18,532 grains would contain 5190 
grains, or nearly eleven ounces, at 480 grains 
to an ounce : eo that a quantity of carbon equal- 
ling two thirds of a pound in weiglit is daily dis- 
k2 
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charged from the blood by means of the simple 
process of reBpiration, 

In an illu^^tnttioii of the general question of 
the adaptation of external nature to the physical 
condition of man, it is clearly immaterial whe- 
ther, during the process of respiration, the car- 
bonic acid is supposed to be produced by the 
union of the carbon of the unimul system with 
the oxygen of the air respired ; or whether, aa 
is possible, the carbonic acid, having been pre- 
viously formed in the body at lai^e, is given off 
in the form of carbonic acid gas from the lungs, 
while the oxygen gas of the atmosphere in ab- 
sorbed by those organs, The main point to be 
considered is, the fact of the removal of that quaU' 
tity of carbon, which could not be retained willi 
safety to the life of the individual : and when we 
consider that the entire quantity of the carbon, 
thus discharged, is collected from every the most 
interior and remote part of the body, how wortliy 
of admiration is the economy of nature in pro- 
ducing the intended efiect ! The air is the i 
dium through which the carbon is to be dia- 
charged ; and yet tlie constitution of the body 
is such, that the air could scarcely be introduced 
into any of its internal parts without occasioning 
the most serious consequences, if not death it- 
self: but by means of the circulation of the blood, 
that beautiful contrivance intended primarily for 
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"suataining the nourishment and warmth and life 
of every part, the noxious principle is conveyed 
to the hings; where it is of necessity brought, if 
not actually, yet virtually, into contact with the 
air ; and thus it is effectually removed from the 
system. 

SECT. IX. 
. EffecU t^tlte Motion of' the Air. as connected lo'Uh 
Human Hcaith, ^-c, 
I the history of water we had an opportu- 
nity of observing how extensive are the benefits 
arisinit to mankind from that physical property, 
by which it* particles are capable of moving 
with the greatest ease among each other: nor 
are the benefits less considerable, which arise 
from the same property in the element now 
under consideration ; es|)ecially when aided by 
those alterations in its volume, which follow upon 
every change of temperature : for from these 
combined causes arise those currents of air, 
which administer, in various modes, as well to 
the luxury and comforts of man, as to his most 
important wants. 

Who doej* not see the miseries that woidd re- 
sult from a stagnant atmosphere ? To the lionse- 
less and half-clothed mendicant indeed, who 
ander exposure to a wintry sky instinctively 
collects his limbs into an attitude as fixed as 
marble, lest by their motion iie should dissipate 

e stratum of warmer air immediately surround- 

K 3 
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ing his body — to such an individual indeed, un- 
der such circumstances, a stagnant atmosphere 
becomes a benefit of the highest value; not only 
by preventing or moderating the painful sensa- 
tion of cold ; but by preventing the dissipation 
of that degree of heat which is necessary for the 
preservation of the vital principle, which in his 
unsheltered state might otherwise possibly be 
soon extinguished. But let circumstances be 
reversed ; and, instead of the WTetched beggar 
exposed to an inclement sky, let us picture to 
ourselves an Asiatic prince surrounded by all 
the luxuries which power and opulence can pro- 
cure, but oppressed by the sultry atmosphere of 
a burning sun ; how grateful to his feelings is 
the refreshing coolness occasioned by the arti- 
ficial agitation of the surrounding air : in order 
to extend the means of obtaining which gratifi- 
cation, fountains of water are customarily intro- 
duced into the interior rooms of Indian and 
Arabian palaces, the evaporation of the spray 
' of which gives a refreshing coolness to the air. 
Or let us recur to scenes more familiar, and 
more illustrative of the effect produced ; to tlie 
bedside of the almost exhausted invalid, whose 
existence is alone made tolerable by the assidu- 
ous supply of fresh streams of air; there let us 
witness, in the thankful smile which animates 
his pallid countenance, the soothing sensation 
which the languid sufferer experiences. Even 
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such a momentary solace, what, of all his 
most valuable possessions, would not every one 
of those miserable victims have surrendered, 
who once perished in that dreadful dungeon of 
Calcutta ! 

In many instances nature tempers the high 
degree of heat belonging to particular climates, 
by the periodical recurrence of cooling winds at 
:ed hours of tlie day. Thus, in the islands 
on the coasts in general of the tropical re- 
'^ons of the earth, the alternations of wiiat are 
called the sea and the land breeze are of the 
;hest importance to the comtbrt and health 
the inhabitants: of which the following state- 
mt, taken from an official paper on the medi- 
cal topography of Malacca, furnishes a sufficient 
illustration ". " The Malay peninsula possesses, 
lough within the tropics, and almost under 
le equator, a very equable temperatvire and 
lild climate. Whatever be the prevailing 
wind, the sea-breeze generally sets in from 
the south between ten and twelve in the morn- 
ing, and continues till six or seven in the even- 
ing; when, after a short calm, the land wind 
i^ins to blow from the north-east : and so 
instant are these breezes, that, unless dur- 
.g a storm, the influence of the monsoon ia 
;arceiy perceptible. And so uniform is their 

■ Printed at tlit; government press, Fiimiif;, Iti3U. See thi; 
I. Med. and .Surg. Jwiriiul, fur July 1831, y. I7it. 
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f effect, with respect to tbe temperature of the 

* air, that, throughout the year, the variation 
I *f does not exceed iburteen or fiCteen degrees of 

* Fahrenheit; being rarely higher than eighty- 
" eight degrees, or lower than scTenty-four de- 
" grees." 

And though the hurricanes, to which these 
regions are frequently exposed, are occasionally 
most dreadful in their etlects upon the property 
and even tlie lives of the inhabitants ; yet we 

I may not only be assured on general principles 

I ei reaBoning that in the main they are beneficial, 
but ou some occasions we have immediate de- 
monstration of their remedying a greater evil. 

I Thus when swarms of a peculiar species of ant 
had, during many years, ravaged the island of 

I Grenada, to so serious an extent that a reward 
of twenty thousand pounds had been offered to 
any one who should discover a practicable me- 
thod of destroying them ; and when neither 

I poison nor fire had effected more than a partial 
and temporary destruction of them, they were 
at once swept away by a hurricane and its nc- 

1 fiompanying torrents of rain. Of the numbers 

I is which these insects occurred, some estimate 
may be formed from the following statement of 
an eyewitness of credible authority ; who says 
" he had seen the roads coloured by them for 
"many miles together; and so crowded were 
" they in many places, that the print of the 
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■• horse's feet was in a moment filled up by the 
" suiTOundins swanns"." 

We who rarely are oppressed, for more than 
a few hours in a whole summer, by such a state 
of the atmosphere as occasionally precedes a 
thunderstorm, when no friendly breeze inter- 
poses to remove the close and humid stratum of 
air which envelopes our bodies, may well be 
thankfiil that our lot has not been cast in cer- 
tain regions of the earth ; in those Alpine val- 
leys, for instance, whose scarcely human inha- 
bitants attest the dreadful consequences of a 
confined atmosphere : the influence of which 
often aflects not only the present sensations and 
comforts, but even the intellectual, and eventu- 
ally the moral character, of those who are ha- 
bitually exposed to Jt. 

It appears, from recent inquiries, that the phy- 
sical and intellectual and moral deijjadation. so 
often observable in the inhabitants of moimtain 
valleys in general, but noticed particularly in 
the valleys of the Rhone, may be referred with 
probability, among other causes, to a stagnant 
atmosphere ; and to the reverberation of heat 
from the sides of the mountains which bound 
those valleys, cooperating with an alternation of 
piercing winds : the degree of that degradation 
at least is always proportional to the action of 
those causes. 

" Philos. Trans. 1 790, p. .347. 
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It is not necessary here to dwell miuutely on 
the disgusting alteration which tlie human be- 
ings, now particularized, undergo : those who 
ore desirous of such iiitbnuation may consult a 
very recent work, by Dr. James Johnson". All 
that is here intended is a statement of the gene- 
ral fact. And it appears that, in the milder 
instances, the principal alteration which takes 
place is an enlargement of the thyreoid gland ; 
which enlargement is by medical men called 
broHckocele, and by the inhal>itants of the Alps 
goitre ^. In the instances of extreme alteration, 
the stature rarely reaches the height of five feet; 
the skin becomes unnaturally discoloured, and 
disfigured by eruptions; the limbs distorted; 
and the cretin, for so he is denominated in this 
state, ifi frequently, in addition, both deaf and 
dumb, and entirely idiotic. Between the state 
of simple goitre and that of most perfect cretin- 
ism the degree of alterations are innumerable. 
And, as indicating the connexion between this 
unnatural state of the individual, and the atmo- 
sphere which he habitually respires, the follow- 
ing observation is worthy of attention. " In the 

° Change of Air, &c. by James Johnson, M.D. London, 8vo. 
1831. 

V Such an enlargement we often in this country witness in 
iodividuulK, who, in evt^ry other reajiect, are i«j far from being 
deformed, that they we frequently remnrknble both on account 
of their beauty, and the spiimetry and full developement of 
their whole body. 
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* Vttllais," and " in the lower gorges or ravines 
' that open on its sides, both cretinism and goitre 
" prevail in the most intense degrees : as we as- 
" cend the neighbouring mountains, cretinism 
" disappears, and goitre only is observed ; and 
" when we reach a certain altitude, both mala- 
" dies vanish 1." 

Among the physical effects of the motion of 
the air, that of sound is among the most remark- 
able and important: of the intimate nature of 
which, however, and of the laws that regulate 
its transmission, I should not speak more par- 
ticularly, even if I felt myself competent to the 
task ; being a subject of too abstruse a cha- 
racter in itself to claim a close investigation in 
a treatise like the present : besides which, it will 
be examined in a separate treatise by others. 
Whatever may be tlie moral effects either of 
simple sounds, or of certain combinations of 
sounds, and such effects though apparently of 
a fugitive character are occasionally very power- 
ful, there can be no doubt that particular sounds 
act physically on our frame. Thus the gentle 
murmur of running water, or the repetition of 
any simple tone, even though not agreeable in 
itself, is calculated to soothe the whole nervous 
system so as to induce sleep. There are few 
perhaps who have not experienced such an ef- 
fect, from long continued attention to a public 

q Change of Air &c. p. 50, 
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Hpeaker; and an apparent, though probably not 
the legitimate, proof of the effect having been 
producedby the sound of the voice of the speaker 
is derived from the fact, that, upon his ceasing to 
«peak, the sleeper usually awakes. There are 
few, again, who have not known from persona! 
experience that certain tones affect the teeth 
with that pecuHar and unpleasant sensation fa- 
miliarly described under the term, set on edge. 
Even in the appalling sensation excited by 
thunder, the mind is probably overawed by the 
physical effect produced on the nervous system 
by the crash, rather than by any appreliension 
of danger from the thunder itself: for that senaa- 
tion is usually excited even in those who are 
most assured that no danger is to be expected 
from the loudest crash of the thunder, but only 
from the lightning which accompanies it. Nor 
I is it imreasonable to suppose that an analogy 
I exists between the sense of hearing and the 
1 other senses, with reference to the objects <rf 
tiieir several sensations : and since in the case 
I trf taste, of sight, of smell, and of touch, some 
I eibjects are on reasonable grounds conjectured 
' to be naturally offensive, while others are agree- 
I Able to the respective senses ; why, it may be 
I asked, should not the same relations hold with 
^ respect to the ear and the peculiar objects of its 
eensation ? Evelyn well obser\'es, that the boun- 
tiful Creator has left none of the senses which 
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has not sTdtified at once with their most 
agreeable and proper objects. 

Of all the objects of sense, sound perhaps, 
as a principle of mental association, the most 
powerfully excites a recollection of past scenes 
and feelings. Shakspeare briefly elucidates this 
principle in these lines : 



I 



' Yet iho first bringer of unwelcome news 
* Hath but a losing office ; and his tongue 
' Sounds evcT after as a sullen bell, 
' Remembered knolliiig a departed friend." 

Hhney IV. Part II. Act I. Scene 1. 



The author of the " Pleasures of Memory" 
not less forcibly illustrates the same principle. 
Tlie intrepid Swiss, who guards a foreign shore, 



■' Condemned to climb bis mountain cliffs no more, 
' If chance he hear ihe song so sweetly wild, 
' Which on ihost: cliffs his infant hours beguiled, 
' Melts at the long-lost scenes tiiat round him rise, 
' And sinks a martyr to repentant sighs.'' 

RotiKBs, &c. page 91, line 1. 



^la that most beautiful Psalm beginning with the 
words, " By the waters of Babylon we sat down 
" and wept:" for who can read that affecting 
apostrophe, " How shall we sing the Lord's 
" song in a strange land," without entering into 
all the pathos of the scene represented by the 
sacred poet to the imagination ! 
^It is said to be the opinion of the Hindoos, 
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and though not of much value in argument, there 
is at least a metaphysical elegance in the opin- 
ion, that the remarkable effects of music on the 
human mind depend on its power of recalling to 
tlie memory the airs of paradise, beard in a state 
of preexistence. 

But, if an individual instance of the truth of 
the present position were to be selected, it would 
not be possible perhaps to find one more im- 
pressive than that which has been recorded of 
the late emperor of the French. It is said that 
at that period of his life, when the consequences 
of bis infatuated conduct bad fully developed 
themselves in unforeseen reverses. Napoleon, 
driven to the necessity of defending himself 
witiiin his own kingdom with the shattered rem- 
nant of his army, had taken up a position at 
Brienne, the very spot where he bad received 
the rudiments of his early education ; when, wi- 
expectedly, and while he was anxiously em- 
ployed in a practical application of those mili- 
tary principles which first exercised the ener- 
gies of his young mind in the college of Brienne, 
his attention was arrested by the sound of the 
church clock. The pomp of bis imperial court, and 
even the glories of Marengo and of Austerlitz, 
feided for a moment from his regard, and almost 
from his recollection. Fixed for a while to the 
spot on which he stood, in tnotionless attention 
to the well known sound, be at length gave 



] 
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utterance to his feelings; and condemned the 
tenour of his whole subsequent life, by con- 
fessing that the hours, then brought back to 
his recollection, were happier than any he had 
experienced throughout the whole course of his 
tempestuous career. He might perhaps with 
truth have added, when looking at the various 
objects of the surrounding scenery. 






I feel the gales, that from ye blow, 
A momentary bliss bestow.*" 



Perhaps also during this moment, and in mak- 
ing a confession so humiliating, he actually did 
experience that moral state represented by Mil- 
ton to have been felt by the fallen angel — 

** Thrice he essayed (to speak) ; and thrice, in spite of scorn, 
•* Tears, such as angels weep, burst forth — '*^ 

But the effect produced on his mind seems to 
have been momentary ; at least it certainly did 
not alter his course of action. And too probably 
he was at that time rather tormented by re- 
morse, than softened by repentance ; a state but 
little favourable to the adoption of better coun- 
sels, even if he could then have retrieved his 
fortunes by such a change. 



144 ADAPTATION OF THE ATMOWHSBE 

SECT. X. 

» 

Effects of the Motion qfthe Air, as amneetedmih the 

Arts^ ^c. 

I PROCEED now to consider the effects of the 
atmosphere, while in a state of motion, in aiding 
the various arts and operations of civilized eo* 
ciety: in which the action is scmietimes ex- 
plicable on mechanical, sometimes on chemical 
or on physical principles. 

It would not be a short or easy task to eiiii* 
merate the various substances which require* tp 
be deprived of all sensible moisture, in order to 
be applicable to the immediate purposes of life ; 
or in order to be capable of beii^ preserved in a 
state fit for future use: and the separation of 
that moisture which they may contain in their 
natural state, or which they may have accident- 
ally contracted, can in general only be effected 
by exposure to the open air : but as that por- 
tion of the air, which is in contact with the 
moistened substance, would soon be so far sa- 
turated with the vapour arising from it as to be 
incapable of absorbing more, it must necessarily 
be replaced by successive portions of fresh air ; 
in order that the substance may be thoroughly 
dried : and hence we see the advantage of cur- 
rents of air, or, in common language, of the 
vnndj for the purposes in question. Without 
the aid of such currents, the grass newly mown 
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lid often with difficulty be converted into 
hay : and witli still more difficulty would that 
conversion take place should it during the pro- 
cess, as is most likely to happen, be exposed to 
rain. The same difficulty would occur, but at- 
tended with much more serious eft'ects, in the 
case of sheaves of wheat or barley, which having 
been once drenched with rain would be ren- 
dered unfit for producing bread, unless the 
moisture were soon dissipated : and with re- 
spect to the process of reducing the corn itself 
to the state of meal, that in, in common lan- 
guage, of grinding it; although many other 
mechanical means are capable of being applied 
to that purpose, who does not see the advan- 
tages of the common windmill, even where 
other means are available, which in many 
places they would not be ? but windmills would 
themselves be unavailable, were there no cur- 
rents of air to set them in motion. 

In the drying of moistened linen, and of paper 
newly made ; in the seasoning, as it is called, of 
wood ; and on numerous other occasions, the 
same advantages occur from the same cause, 
and are explicable in the same way. But there 
is one instance, of very familiar occurrence, 
where the effect of a free ventilation is pro- 
ductive of the greatest comfort. At the break- 
ing up of a long protracted frost, during which 

i air has been enabled to absorb and retain iti 
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an insensible state an unusual quantity of moist- 
ure, that moisture, as soon as the thaw takes 
place, is deposited upon the siuface of every 
thing with which it comes in contact : and there 
can be scarcely an individual, from the peasant 
to the noble, who has not often experienced tlie* 
comfortless state of the interior of his habitation 
from this cause. The opulent indeed, supposing; 
that nature did not provide the remedy, might 
easily remove, and often do accelerate the re- 
moval of the evil, by the introduction of cnrreota 
of air artificially heated : but the indigent, in- 
capable of communding so expensive a remedy. 
would meet with serious detriment, did not a 
timely change in the state of the atmosphere 
enable it to reabsorb the moisture which had 
previously been discharged from it ; for many 
parts of the furniture of their habitation wmtld 
be injured, or even destroyed by the moisture 
imbibed by them : and with respect to a much 
more important point, a healthy state of body, 
both the opulent and the indigent would be alike' I 
sufferers, from a continued exposure to the ex- 
ternal atmosphere in such a state. 

In the foregoing instances currents of air have 
been considered as acting on a fixed point as it 
were, or on bodies nearly stationary. Let us ' 
now consider their action on bodies capable of j 
being set in motion, as nautical vessels of all 
kinds, and we shall not fail to see the import- 
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of that action to some of the highest in- 
%ts of man. 

I those, of whatever condition in life, who 
s surrounded by the numerous resources of a 
nmercial city, it is immediately of little iiii- 
rt, unless as a question of mere corporeal feel- 
, whether the air be in a state of perfect 
, or freshened by a breeze; and whether 
t breeze be from the east, or from the west, 
the agriculturist even it is comparatively of 
ttle interest, unless at particular seasons, whe- 
the wind be high or low, or from what 
Sjuarter it may come ; further than as particular 
ates and directions of the wind are indications 
f rain or drought. But to those " who go down 
f to the sea in ships, and occupy their business 
I in great waters," not only the degree of force, but 
1 direction of the wind, is of the highest mo- 
while on many occasions, even in the 
^ent advanced state of science and naval ar- 
bitecture, a motionless state of the atmosphere, 
r a calm, might he fatal to all their specula- 
is. Every one who has lived for a time on 
sea-coast must have observed with what 
nxiety the owner of the smallest fishing boat 
atches the variations in the state or direction 
f the wind, as connected with the practicability 
* putting out to sea. If the wind be in an un- 
hvourable quarter, or if it blow not with suffi- 
cient force to swell his sails, he saunters in list- 
L 2 
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less inactivity along the beach : but if the wished 
for breeze spring up, the scene is at once changed, 
and all is alacrity and life. 

In some parts of the world Providence haa 
compensated for the disadvantages arising from 
the general uncertainty of the wind, by the con- 
tinued regularity of its direction through stated 
seasons: in consequence of which, the merchant- 
man calculates upon the commencement and 
duration of his voyage with a degree of security 
and confidence, which sets him comparatively at 
ease as to the event. These periodical currents 
of air indeed have been named from this very 
circumstance the trade ivivds: and. in illustra- 
tion of their adaptation to the purposes of com- 
merce, a more striking instance perhaps could 
not be adduced ihaa the following, wliich is 
given in a volume, entitled, " Four Years Resi- 
" deuce in the West Indies," written by a gen- 
tleman of the name of Bayley ^ In the descrip- 
tion of the island of St. Vincent it is there 
stated that a little sloop, the private signal of 
which was unknown to any of the merchants, 
sailed into the harbour one morning, and im- 
mediately attracted tlie notice of the surround- 
ing crowd ; and the history of its unexpected 
appearance is thus given. " Every one has 
" heard of the little fishing smacks employed in 
" cruising along the coast of Scotland ; which 

' London. 8vn. 1830, p. 2fl2. 
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■ herrings and other fish to Leith, Edin- 
" burgh, or Glasgow, worked by three or four 
" hardy sailors, and generally commanded by 
" an individual having no other knowledge of 
" navigiition than that which enables him to 
" keep his dead reckoning, and to take the sun 
" with his quadrant at noonday. 
^^'* It appears that a man who owned and com- 
^Htauinded one of these coasting vessels had been 
^^Bm the habit of seeing the West India ships 
^vload and unload in the several ports of Scot- 
" land ; and, having learned that sugar was a 
•' very profitable cargo, he determined, by way 
" of speculation, on making a trip to St.Vincent, 
" and returning to the Scottish market with a 
" few hogsheads of that commodity. The na- 
" tives were perfectly astonished — they had never 
'.' lieard of such a feat before ; and they deemed 
*f it quite impossible that a mere fishing smack, 
V worked by ordy four men, and commanded by 
" an ignorant master, should plough the boister- 
'* OU8 billows of the Atlantic, and reach the West 
" Indies in safety ; yet so it was. The hardy 
" Sctrtchman freighted his vessel ; made sail ; 
" crossed the bay of Biscay in a gale ; got into 
" the trades; and scudded along before the 
", wind, at the rate of seveu knots an hour, trust- 

tg to his dead reckoning all the way. He 
loke no vessel during the whole voyage, and 
!ver once saw land until the morning of the 
L 3 
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'* thirty-fifth day; when he descried St. Vincent's 
** right a-head ; and setting his gaft-topsail, he 
" ran down, under a Hght breeze, along the 
" windward coast of the island ; and cAote to 
f* anchor about eleven o'clock under the circum- 
" stances before mentioned." 

Such a vessel, and so manned, could hardly 
have performed the voyage here described, had 
it not been aided by the current of the trade 
wind : and what then must be the advantage of 
such a wind, when, instead of aiding the puny 
enterprise of a single and obscure individual, it 
jforwards the annual fleets of mighty nations. 
Most important therefore to the Roman empire 
was the discovery of Hippalus, which enabled 
its fleets to stretch across at once from the Afri- 
can to the Indian coast by means of the south' 
westerly monsoons. But, if we would view the 
subject in all its magnitude, let us contemplate 
with a philosophic eye the haven of any one of 
the larger sea-porls of Europe ; filled with \ 
_ sels from every maritime nation of the world, 
freighted not only with every thing which the 
natural wants of man demand, or which the state 
of society has rendered necessary to his comfort, 
but with all which the moat refined luxury has 
been able to suggest. " Merchandise," to use 
the words of Scripture, "of gold, and sUver, and 
" prcciouH stones, and of pearls, and fine linen, 
" and purple, and silk, and scarlet, and all thyine 
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j^'wood, and all manner vessels of ivory, and 
manner ves(*els of most precious wood, 
nd of brass, and iron, and marble, and cin- 
^namon, and odours, and ointments, and frauk- 
liiuceuse, and wine, and oil, and tine Hour, and 
L wheat, and beasts, and sheep, and horses, and 
jchariots." 

t the importance of all the foregoing points 
of consideration in the history of the relation of 
the air to human wants is far inferior to that 
hiji^hest and most beneficial of all its relations, 
the production of iJie human voice: for from this 
source arises articulate language ; without which 
medium of communication between man and 
man, what would become of the most important 
transactions of the business of life, as well as of 
itd most mtioual pleasures, the charms of social 
converse ! But the consideration of the mechan- 
ism of the human voice is appropriated to a dis- 
tinct treatise : and the use of language is adapted 
rather to the moral than to the physical condition 
of man : and I tlierefore forbear to dwell on a 
theme in itself of the highest interest. 

In dismissing the subject of atmospherical air, 
I would wish to observe how beautiful an in- 
stance its history affords of tiie multiplicity of 
beneficial effects, of very different charactei-s, 
produced by one aiid the same agent ; and 
often at one and the same momeut. Thus while 
WB.haTe seen tlie air of the atmosphere serving 
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as the reservoir of that mass of water from whence 
clouds of rain, and consequently spriugs and 
HTers are derived, we have also seen that it at 
tibe same time prevents, by the effect of its pres- 
sure on their surface, the unlimited evaporation 
and consequent exhaustion of the ocean, and 
other sources, from whence that mass of water 
is supplied. And, again, while the agitation of 
the air contributes to the health of man, by sup- 
, plying those currents which remove or prevent 
I t&e accumulation of local impurities, it at the 
Same time facilitates that intercourse between 
different nations in which the welfare of the 
whole world is ultimately concerned. And lastly, 
while in passing from the lungs in the act of ex- 
piration it essentially forms the voice, it at" the 
same time removes from the system that noxious 
principle, the retention of which would be incom- 
patible with life. 



Adaptation 0/ Minerals to the P/ii/sicai Condition 
of Man. 

SECT. I. 
The general Characters of Minerals. 
IT has been shewn in the foregoing chapter, 
that the constituent parts of the atmosphere are 
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r in number, and of great simplicity in their 
composition ; that some of them usually exist in 
the state of invisible vapour, and consequently 
are without sensible form and colour : and that 
others, as light, and heat, and electricity, are not 
only without form and colour, but are also of 
such tenuity as to be incapable of affecting the 
roost delicately constructed balance ; in com- 
mon language, are without weight. We are now 
entering on a department of nature, which con- 
sists of objects characterised by properties very 
different from those we have been lately con- 
sidering; remarkable, as a class, for the ma- 
thematical precision of their form, the bril- 
liancy and variety of their colour, and for their 
great weight ; most of them being many times 
heavier than the heaviest element of the at- 
mosphere. 

Few mineral substances, however, exist in such 
a state of purity as to exhibit the simple cha- 
racters of their individual properties; the class 
consisting of a great variety of species, which 
are capable of entering into union with each 
other, and of which the natural combinations 
are extremely numerous. But, as might be an- 
ticipated from the general analogy of nature, 
the advantages arising to mankind from this 
mixture of character are infinitely greater than 
if the individual minerals had existed in a state 
purity, and uncombined with each other. 
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Thus, to take the most familiar, and perhaps 
the most important instance, almost all iiaturiil 
soils consist principally of mixtures of the three 
earths called silex, lime, and alumine; none of 
which, unmixed with either of the other two, or 
at least with some equivalent substance, would 
serve the purposes of agriculture. 

Again, all the common fonns of clay consist 
principally of various combinations of tlie two 
earths called silex and alumine; and although 
many of those properties which make clay valu- 
able are commimicated by the alumine, the si- 
lex contributes very considerably towards the 
general utility of the compound. 

SECT. II. 
JpptifatUm ofMinertdt to Architecture and A'culpture. 
Among the earliest arts of civilized life may 
be justly reckoned the rudiments of architec- 
ture : for it may be with truth atftrnied that, 
with very few exceptions, wherever man exists 
in a state of society, he is found to protect liim- 
aelf from the vicissitudes of the weather, uoC 
only by the immediate clothing of his body, but 
by means of independent habitations; to which, 
if at no other time, at the close of the day at 
least, he betakes himself; in order to enjoy that 
periodical rest which is requisite for the re- 
newed exertion of his bodily jiowers : and very 
few are the situations which do not aflbrd con- 
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tiient materials for the purposes of build- 
ing. 

In whatever situation then man may be placed, 
he will most probably have the means of procur- 
ing the comfort of a fixed habitation. Nor is it 
long before he adds a certain degree of luxury to 
utility : for wherever the simple architecture of 
the dwelling is not decorated with some orna- 
mental additions, we may be certain that society 
exists in a verj' low state of civilization ; so that 
sculpture, as an artificial refinement, seems to 
be a natural consequence of architecture. And, 
perhaps, the superiority attainable by educa- 
tion and habit is not displayed in auy of the 
arts of life so strikingly as in these. From the 
simple tent of the Bedouin to the majestic ruins 
of PahnjTa, among which it is pitched ; or from 
the rude hut of the modern Acropolis to the 
awful grandeur of the Parthenon which over- 
shadows it ; how infinite are the gradations 
wliich mark the progress of tliese arts ! 

And with respect to statuary, that highest de- 
partment of the art of sculpture, what emotions 
is it not capable of raising in the mind, particu- 
larly when employed in representing the pas- 
sions or any of the attributes of man! If, for 
instance, the mind of the savage could be iustan- 
taneonsly elevated to the feeling of correct taste, 
what would be tiie sensations of the islander of 
f m Pacific, in turning from the view 
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of his hideously-formed and grim idol, to the 
contemplation of that glory of the Vatican, 

" the Lord of the unerring bow, 

" The God of life, and poesy, and light; 

" The sun in huiuBn limbs arrayed, and brow 

" All radiant from his triumph in the fight : 

" in whose eye 

" And nostril, beautiful diBdnin, and might, 
" And majesty, flash their full lightnings by, 
" Developing in tiiat one glance the Deity*." 

I will not here attempt to trace the history of 
architecture, considered as an art characteristic 
of civilized society : for in such an attempt our 
reasouing must often he founded on conjecture 
instead of facts ; than which nothing is more un- 
satisfactory and irksome to a philosophically 
contemplative miud. It will be more congenial 
to the purpose of this treatise to point out the 
means atforded by nature for the advancement 
of an art, which in its origin is necessary to 
eome of the chief wants and comforts of indivi- 
duals ; and which is subsequently conducive, by 
the exercise of the highest faculties of the mind, 
not only to national utility and glory, but also 
to national seciu-ity '. 

With respect to the inferior animals, the in- 
Btinctive propensity to construct receptacles for 
themselves or their ofi'spring is obvious : and if 

■ Childe Harold, canto IV. stanza 161. 

* In the construction for instance of military fortifications, 
and jners, and bridges, Sic. 
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t any ground we may attribute the principle 
of instinct to man, it seems justifiable on that 
which we are uow considering. Omitting, how- 
ever, those more remarkable instances of instinct 
which direct the bee, the ant, the spider, the 
swallow, or the beaver, in the fabrication of the 
structures which tiiey put together with such 
nice art; if we merely consider the simple bur- 
row of tlie rabbit or the mole, we seem to ac- 
quire a strong presumption that man would not 
be destitute of a similar instinct : and it may 
reasonably be supposed that, by whatever intel- 
lectual power or internal sensation the savage 
is directed so to adjust the various joints and 
muscles of his limbs as to balance his body 
when in danger of falling, by a similar power 
he is enabled so to adjust the rude boughs of 
which his hut is composed, that by mutually 
supporting one another they may at the same 
time serve for a support to the grass, or moss, 
which is thrown over them for the purpose of 
forming a shelter". Numerous traces of such 

" The followiiif; statement, from LeiHs and Clarke's Trnvels, 
will shew how much may be effected liy human ingenuity and 
industry though aided by the slighteat means: " The Colum- 
" bian Indinns possess very few axes ; snd the only tool em- 
" ployed in their buildinp;, from the felling of the tree to the 
" delicate workmanship of the images, (adorning their canoes,) 
" is a chisel made of an old file : and this is worked without 
" tlie aid of a mallet. But with this ihey finish a canoe fifty 
" feet long, and capable of holding between twenty and thirty 
n a few weeks." p. 435, To the preceding ntate. 
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aD iSBtinct are obHervable in the amusements of 
children ; as in the arrangement of loose stones 
in the form of enclosures; and in the formation 
of banks and dikes by the heaping up of the 
Band of the sea-beach: and, should it be asserted 
that such amusements are not to be referred to 
instinct, but are to be classed simply under the 
principle of imitation, {as may certainly many 
of the amusements of children,) it may be an- 
swered, that, if not original instincts, they may 
be considered as at least instinctive imitations 
of the necessary engagements of after-life. It 
has been sometimes supposed that the inclining 
branches of an avenue of elms or other trees 
suggested the idea of the gothic aisle ; but such 
a supposition seems both unnecessary in itself, 

ment may with propriety be added the following translation of 
the account which accompanies the twelfth plate iu the first 
volume of De Bry ; " The method of making hoata in Virginift 
is tnily wonderful : for, although the iwtives have no iiwtni. 
DientH of iron, or in any way resembling those of European 
nations, they still have tlio power of making Itoats fiilly capa. 
ble of being conveniently navigated. Having selected a Urge 
and lofty tree, they surround it with a fire just abore the 
routs; taking care to smother any flame, lest it aliniild injure 
the rising part of the stem. In this way they burn through 
the greater part of the stem ; and, by thus weakening it, oc- 
casion its downfal. By a similar process they burn away the 
branches and the upper part of the tree ; and, raiaing the 
trunk thus prepared on forked props, so as to support it at 
a convenient height for working, they scrape away the bark 
by means of large shells ; and then ekcavnte it In a longi- 
tudinal direction by alternateJy burning and acraplng it," 
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fed incorrect as to the probable order of oc- 
currences : for whoever has read the trayels of 
Pallas through different parts of the Russian 
empire, or of other Oriental travellers, will find 
ample proof of the existence of the gothio style 
of architecture long before our earliest European 
churches were built : and it i» just as probable, 
if not more so, that the gothic aisle suggested 
the idea of the elm avenue, as that this sug- 
gested the idea of the gothic aisle. 

The mineral substances employed in tlie stnic- 
ture of human habitations necessarily differ in 
different parts of the world, in consequence of 
the difference of the materials afforded by the 
subjacent strata; and, accordingly, an expe- 
rienced eye will conjecture, almost with cer- 
tainty, the character of the subjacent strata, 
from the nature of the materials employed in 
tlie buildings erected on the surface : or, con- 
versely, if the nature of the subjacent strata be 
antecedently known, the character of the stone 
employed in the buildings of the vicinity will, 
almost to a certainty, be known also ; and, on 
this principle, as much surprise would be ex- 
cited in the mind of a well-informed geologist 
by the prevalence of granite in the buildings of 
Kent or Sussex, as of limestone near the Land's 
End in Cornwall. 

The nature, however, of the material employed 

I building is in some mcastire determined by 
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the particular stE^e of civilization of the inha- 
bitants. Thus in the early periods of civUiza- 
tion, and before the aboriginal forests of a coun- 
try have been cleared, wood has usually been 
the principal and almost the only substance em- 
ployed. In proportion as the population of a 
country increases, wood becomes more and more 
Bcarce ; and then brick and stone begin to be 
employed ; but when the population has in- 
creased to a very considerable extent, those ma- 
terials almost entirely supersede the use of wood, 
unless in the interior of the building : and hence, 
in this densely-peopled island, the half-timbered 
dwellings of our ancestors are daily becoming 
more picturesque ". 

The value of building-stone depending greatly 
on its hardness, but the difficulty of working it 
being increased proportionally to its degree of 
hardness, it ought not to escape our notice, in 
a treatise, of which it is the professed object to 
illustrate the adaptation of external nature to 
the physical condition of man, that many of the 
common forms of building-stone, though soft 
while yet undetached from the quarry, become 
hardened very considerably by exposure to the 
air : which change in their state enhances their 
value in a twofold sense ; for, in consequence 

' Tlirougliout the interior of Russia and of Siberia tlie greutei 
part of the buildings in every town were, within a few yean, 
entirely of wixid. 
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of tlieir previous softness, they are more easily 
worked; while their subsequent hardness insures 
the greater durability of the building in which 
they are employed. And, again, though many 
Tarieties of stone are so easily worked, even 
aiVer a long exposure to the air, as to have 
acquired in consequence the name of freestone; 
yet even with respect to such as are of the 
hardest and toughest quality, an equal degree 
of ease in working them is easily attainable by 
practice. To an unpractised workman, for in- 
stance, nothing is more difficidt than to give a 
determinate form, by the hammer or chisel, to 
granite, slate, or flint; and yet a little experi- 
ence enables the mason to work all these to the 
greatest nicety; and that person would indeed 
be very incurious, who, although he might not 
naturally be disposed to notice mechanical pro- 
cesses, did not feel an interest in observing the 
form which the roofing-slate takes under the 
bill of the slater ; or the ease with which the 
gun-flint is formed into its peculiar shape by a 
few strokes of a light hammer. 

But, after the stones have been detached from 
the quarry, and have been worked into a con- 
venient form for building, it is in the greater 
number of instances necessary to the stability 
of the intended structure, that tliey should be 
consolidated together by some intermediate sub- 
stance: for it would very rarely happen that the 
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separate Btones could be obtained of such a biw 
as to be capable of remaining fixed by their 
own weight. Sometimes this eflect is produced 
by means merely mechanical, as in the case of 
the construction of tlie larger circle of Stoue- 
henge; where the upper extremity of two con- 
tiguous perpendicular stones, being pared away 
80 -AS to form what is called a tenon, is let into 
a corresponding cavity called a morlise cut into 
each extremity of the horizontal stone that uniteu 
them. 

As such Cyclopean masonry would be far too 
expensive for common purposes ; and as the la- 
bour and expense of uniting togetlier, by cramps 
of iron or other mechanical means, the very 
great number of stones requisite for the cou- 
Mruction of even a small building, would be end- 
leas ; we at once see the importance of any me- 
dium that will fully and readily effect tliat 
union, without much expense of time or money: 
and how completely the substance called mor- 
tar answers the intended purpose, the slightest 
observation will make manifest. As the em- 
ployment of this useful substance appears to 
have existed antecedently to history, it is not 
worth while to spend any time in conjecturiag 
how it was first discovered : but it is quite in 
unison with the intention of the present treatise 
to observe, that, of tlie three materials of wliich 
it is principally made, namely lime, sand, and 
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water, the first is readily obtained by the simple 
application of heat to any common form of 
limestone, a process which is occasionally going 
on in everj- limekiln ; and the means of ob- 
taining the two others are almost every where 
at hand. 

Hitherto the materiais, applicable to the arts 
of architecture and sculpture, have been con- 
sidered as adapted to the common or necessary 
wants of mankind : but in what may not impro- 
perly be called the poetry of those arts, they are 
capable, in their application, of eliciting the high- 
est powers of the imagination : for surely this 
may with propriety be affirmed of such sublime 
productions as the Parthenon in architecture, 
or the Belvedere Apollo in sculpture. Nor are 
we obliged to seek for such productions solely 
in the classic ages of antiquity : for, to say no- 
thiDg of Palladio, Michael Angelo, Canova, 
Thorvaldson, and other ornaments of modern 
Europe, our own country has given birth to 
works of the highest excellence in either depart- 
ment of the art. Nor need this assertion be 
made with any hesitation, while in architecture 
that imperishable monument of genius, the Eddy- 
stone lighthouse, attests the faraeof Smeaton ; and 
in sculpture, the pure and simple taste of Chan- 
trey has, in that most exquisite work contained 
witliin the walls of Litchfield cathedral, thrown 
uth and beauty over the image of death. 
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which none of his predecessors had ever at- 
tained y. 

Who can peruse the journal of Smeaton, and 
not admire the penetration, the resources, and 
the activity of his genius? Consider the nature 
of the task which he had engaged to perform 
his Umited and uncertain opportunities of action 
the faihires of others who had pre(;eded him in 
a similar undertaking ; the consequent necessity 
of new principles, and new combinations, in hia 
plan of operations ; the formidable dangers he 
was continually under the necessity of encoun' 
tering ; and, lastly, the awful responsibility of 
the undertaking itself: consider all these points, 
and it may be safely affirmed that, as an in- 
stance of the coujoined effects of personal enter- 
prise, fortitude, and perseverance, the Eddy 
stone lighthouse stands unrivalled. 

On a small, precipitous, and completely insu 
lated rock, deriving its very name from the irre- 
gular and impetuous eddies which prevail around 
it ; elevated but a few feet above the level of the 
surrounding ocean, even in its calmest state 
and exposed at all times to the uninterrupted 
swell of tlie Atlantic ; by the joint violence of 
the wind and waves of which, a preceding struc- 
ture had been in a moment swept away, leaving 
not a wreck behind ; on such a spot was this 

T One exce|)tioii lo this natiertioii perliaps existN. in a work on a 
Nimilnr subject by Brinks; in tlie church ofAiihlKiume, Derl^ahire. 
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' wonder of the worid to be erected. Former 
experience is here of Httle avail, and common 
principles and means have been already tried in 
vain ; the architect is thrown almost entirely on 
his own resonrces ; and they do not fail him. 
In order to combat the force of those overpower- 
ing elements to which the future structure is to 
be constantly exposed, he iooks about for that 
natural form which is found most permanently 
to resist a similar conflict; and viewing with a 
philosophic eye the expanded base of the oak, 
and the varying proportions of its rising stem, 
Ue made the happy selection of this object as 
the type of the proportions of his intended work. 
" On this occasion," he himself says *, " the 
" natural figure of the waist or bole of a large 
" spreading oak presented itself to my imagina- 
" tion. Let us for a moment consider this tree : 
" suppose at twelve or fifteen feet above its base, 
" it branches out in every direction, and forms 
'* a iai^e bushy top, as we often observe. This 
" top, when full of leaves, is subject to a very 
" great impulse from the ablation of violent 
" winds; yet partly by its elasticity, and partly 
" by the natural strength arising from its figure, 
" it resists them all, even for ages, till the gra- 
" dual decay of the material diminishes the co- 
" hereuce of tlie parts, and they suffer piece- 

» A Narmtiim of tlie BuiSilitiy, Sic. i»f the EdJystone Light- 
ly London, 1791. p. 42, 
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*' meal by the violence of the storm : but it i 
" very rare that we hear of Buch a. tree being 
•' torn up by the roots. Let us now consider its 
'' particular fiijure — connected with its roots, 
" which lie hid below ground, it rises from the 
*' surface thereof with a lai^ swelling base, 
" which at the height of one diameter is geoe- 
*' rally reduced by an elegant curve, concave to 
" the eye, to a diameter less by at least one 
'* third, and sometimes to half of it4 original 
" base. From thence its taper diminishing more 
" slow, its sides by degrees come into a perpen- 
" dicular, and for some height form a cylinder. 
" After that, a preparation of more circum- 
" ference becomes necessary for the strong inser- 
" tion and establisliment of the principal boughs, 
" which produces a swelling of its diameter. 
" Now we can hardly doubt but that every sec- 
*' tion of the tree is nearly of an equal strength 
" in proportion to what it has to resist ; aud 
*' were we to lop off its principal boughs, and 
" expose it in that state to a rapid currenl of 
'* water, we should tiud it as much capable of 
" resistiug the action of the heavier fluid, when 
" divested of the greatest part of its clothing, as 
" it was that of the lighter when all its spread- 
" ing ornaments were exposed to the fury of the 
" winds : and hence we may derive an idea of 
" what the shape of a column of the greatest 
" stability ought to be, to resist the action of ex- 
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' temal violence, when the qmmlity of matter is 
?'given whereof it is to be comjHWed." 
But invention and composition do not consti- 
i the whole of the character of genius, in the 
■actical arts at least. Industry, both that which 
s the lietlessness arising from continuity and 
neneps of pursuit ; and, still more, that which, 
1 repeatedly repressed by unexpected im- 
diments, as repeatedly recovers its elasticity; 
nconquerable and iudefatitfable industry, like 
t of the ant, is likewise requisite. And such 
dustry did Smeaton manifest: and his industry 
AS hitherto beeu completely crowned with suc- 
The Eddystone has withstood tlie war of 
nds and waves through the greater part of a 
ntury, unshaken in a single point : and if of 
' human work we dare affirm as much, we 
;ht affirm of this, " manet arternumque ma- 
flnebit." 

► We now turn to the etforts of genius, of an- 
other, and, iutrinsically, a higher order — to that 
beautiful composition of Chantrey, to which al- 
lUaifMi has been already made. A different tusk 
f here to be accomplished: it is not the storm 
f thfe physical elements which is to be resisted, 
bnt the poignant grief of the bereaved parent is 
to be assuaged ; and that, not by any nepenthe 
which may obliterate the memory of lost hap- 
piness; but by, I had almost said, the living 
^ inage of the very objects themselves from which 
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that tiappinesa arose, and in which it centred. 
Alone, and undistracted by the presence of sur- 
rounding friends, the widowed mother approaches 
in mournful silence the consecrated aiale; where, 
softly clasped in each other's arms, she sees her 
beloved children resting in the repose of sleep 
rather than of death : and gaziug on them with 
intense affection, she feels not sorrow for a while; 
but, indulging in a dream which almost realizes 
her past happiness, woidd fold her treasures to 
her bosom, were she not too conscious that the 
cold embrace would dissipate the fond illusion. 

6ECT. [I(, 
Gems and precious Stones. 
If it were the purpose of this treatise to point 
out the adaptation of external nature to the 
moral as well as to tlie physical condition of 
man, it might be easily shewn, that, however an 
undue degree of attention to outward ornaments 
is blamable, a moderate degree of attention is 
both allowable and right : otherwise, and it is 
an instance that outweighs all others, it would 
not have been observe<l in the decorations of the 
temple of Solomon, nor in the original ordina- 
tions respecting the dress of theLevitical priest- 
hood. Those substances consequently, which are 
capable of being applied to ornamental purposes, 
become, in our mode of using tlieiu, n test of 
virtue, in the same maimer as our ordinary 
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, clothing, and food, and sleep ; all of which, 
though even necessary to our existence, may 
be abused by a luxurious indulgence in them. 
But at present I am no further concerned with 
the moral part of the question, than to infer 
that, if an attention to external ornament be not 
only allowable, but right, we may antecedently 
expect that materials for its exercise would be 
prowded by nature: and that is indeed the 
fact*. 

It would be difficult howeyer to determine 
which of the three kingdoms, the animal, ye- 
getable, or mineral, is the most prolific source 
of those beautiful forms and colours which are 
principally yalued as objects of external oma- 
m^it. We do not indeed obsenre in any flower 
thatiridescent play of colours which characterises 
some varieties of the opal and felspar, among 
minerals ; and the plumage of certain birds, and 
the scales of certain fish, among animals t but 
in el^ance and yariety of form, and in splen- 
dour and simplicity of colour, the yegetable world 
will be found to yield neither to the animal nor 
mineral. Mineral substances, howeyer, from 
their rarity as well as beauty, are more prized ; 
and from the durability of their substance are 
more permanently applicable to ornamental pur- 
poses than those either of animal or yegetable 

» " Wherefore did nature pour her bounties forth ?" &c. 

CoiMUs, line 726, &c. 
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origin ; and therefore serve better to illustrate 
the principle of this treatise. 

From among those substances which in com- 
mercial language are called precious stones, 
though some so called are not really derived 
from the mineral kingdom, it is proposed to 
select the diamond as a preeminent example of 
the whole class; because, in addition to those 
properties which render it valuable as an orna- 
" luental gem, there are some points in its history 
which give it a peculiar worth. It will naturally 
excite the surprise of those, who are tinac- 
qiiainted with the chemical history of tliis sub- 
stance, to learn that the purest diamond does 
not essentially differ from a particular variety of 
common coal ; or from that mineral of which 
drawing pencils are made, and which is nsnnlly, 
though not with propriety, called plumbago and 
black lead: and yet nothing has been more 
clearly proved than that equal weights of these 
several substances, if submitted to the process 
of combustion, will produce nearly equal pro- 
portions of carbonic acid gas; which has al- 
ready been stated to be a chemical combination 
of definite proportions of carbon and oxygen ; 
the diamond, which is the purest form of carbon, 
burning away without leaving any residuum ; 
the other two leaving a very small proportion of 
ashes, in consequence of their containing foreiga 
matter. 
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■*And here we can hardly fail to notice a very 
remarkable instance of what may be called the 
economical provisions of nature. How rarely, 
and in what 8mall qnantities, are the diamond 
and phimbago found ; and how abundantly does 
coal predominate in many parts of the world ! 
The Borrodale mine of plumbago in Cumber- 
land is the most considerable source of that sub- 
stance tliroui^hout Europe ; and the province of 
Golconda almost alone supplies the whole world 
with diamonds: and, probably, the accumu- 
lated weight of all the plumbago and of all the 
diamonds, which have ever been derived from 
thf>se and other sources, would not equal a hun- 
dredth part of the weight of coal which is daily 
quarried in Great Britain. Sup^wse now that 
the case had been reversed ; and what would 
have been the consequence! diamond and plum- 
bago, though really combustible substances, yet 
from their slow combustibility could never hare 
answered, in the place of coal, as a fuel for ge- 
neral purposes; and, on the other hand, without 
that large supply of coal which nature has pro- 
vided, what would have become of the domestic 
couiforts and commercial speculations of the 
greater part of Europe, during the two last cen- 
turies ! 

The value of the diamond is not derived solely 
from its transparency and lustre. Its remark- 
; hardness is another and a most useful pro- 
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perty belonging to it : for, in consequence of ila 
great degree of hardness, it is capable of cutting 
and polishing not only the hardest glass, but 
even the hardest gems : and if we consider how 
Bseful a substance glass is, how universally em- 
ployed as a means of at the same time admitting 
light and excluding the air from the interior of 
our houses; but that in consequence of its hard- 
ness and brittieness it would with great diffi- 
culty be divided by any common mechanical 
instrument, so as accurately to fit the frames in 
which it is fixed for the above purposes, we at 
once see the value of a substance which easily 
and readily accomplishes that eud. A small 
diamond no larger than a mustard seed, brought 
to a point and fixed in a convenient handle, en- 
ables the glazier to cut a plate of glass into 
pieces of any shape that he pleases : and the 
same instrument will serve his daily use for 
I many successive years. Nor is it among the 
least of the glories of this gem, that it gave occa- 
sion to that remarkable conjecture of sir Isaac 
Newton respecting its chemical nature. That 
philosopher having observed, that the refractive 
power of transparent substances is in general 
proportional to their density; but that, of sub- 
stances of equal density, those which are com- 
bustible possess the refractive power in a higher 
degree than those which are not, concluded from 
a comparison of the density and refractive power 
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' the diamond, that it contained an inflam- 
mable principle; which opinion was subsequent- 
ly coiitirmed by direct experiment. It will be 
remembered by the chemical reader that on the 
same ground he made the same conjecture with 
respect to water, and with the same success. 
And never, perhaps, did the eye of philosophy 
penetrate more unexpectedly the tiiick veil which 
is 80 often foimil to hide the real character of va- 
rious forms of matter : for, imperishable as from 
its name the adamant was supposed to be, who 
would have antecedently expected that it might 
be dissipated into air by the process of combus- 
tion? and, with respect to the other subject of 
\ conjecture, if any principle was opposed to 
nbustibility in the opinion of mankind it was 
— " Aquse contrarius ignis." 

SECT. IV. 
'. Distribution and relative Proportions of Sea and 
avd the geological ArrangvmerU and physical 
Character of' some nfthe siiperjicial Strata of the Earth. 

it is clearly a just object of the present 
satise to select the most familiar and most 
obvious instances of the principle intended to 
be illustrated, I shall in entering upon the ab- 
struse department of geology, consider only those 
phenomena which offer themselves to the eye in 
every part of the world ; and which are either 
at once iiileiligible, or easily demonstrable, to 
J commonest observer. 
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CM' such phenomena the most prominent are 
I the general distribution of the sea and the land; 
I and the relative proportions of their superficial 
I «attent. With reference to the sea, although we 
I may never know all the ends which are answer- 
I fi by its saitness, and why its depth should be 
greater in some parts than others ; and although 
I ire can perhaps form no more than a conjecture 
9 to the advantages derivable from the tides ; (the 
If prevention, for instance, of a stagnant state of 
I the water;) or from the accumulation of ice near 
the poles ; (the coohng, probably, of the general 
mass of the atmosphere, and the consequent 
1 production of currents of air;) yet of its mode of 
I distribution, and of the relative extent of its sur* 
I fece, we readily apprehend the reason ; simply 
in considering that all those forms of water which 
contribute to the fertilization of the earth, or 
the support of aniraa) life, are derived from the 
' ocean. Were the superficial extent of this there- 
fore much less than it is, the quantity evapo- 
I rated would not be sufficient for the intended 
I purposes; or, were the distribution different from 
I what it is, were the sea, for nistance, to oc- 
I cupy one hemisphere and the land the other, the 
water evaporated would not be so equally dif- 
fused through the atmosphere as it is at present. 
And, with respect to the land, how beautifully 
does the particular arrangement and character 
of its surface conspire with its general distribii- 
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, to equalize the diffusion of the water that 
is diftchartied upon it from the atmosphere! Tlie 
tru th of the proposition contained in those lines, 
^^^H' Rusticus expectat dum dcHuat amnis, at ille 
^^H|" Labitur, ct labttur in omtie vglubilis fcvutn," 
^oepends on the nature of the particular arrange- 
ment and character, to which allusion has just 
heen made. On the one hand, the general sur- 
face of the land ascending from the sea on all 
sides towards some central ridge or district, 
called the watershed of the country, all the rain 
that does not sink beneath the surface is accu- 
mulated into rivers ; which naturally descend 
towards, and ultimately reach, the sea: and, on 
the other hand, the superficial strata being in 
general incapable of immediately absorbing the 
rain which falls upon them, the descent of the 
water is the necessary result of the inclination of 
the Burlace. But if, from partial causes, such 
an inclination of the land is either wanting, or 
the course of rivers is impeded by the unre- 
pressed growth of reeds aud sedge, the adjoin- 
iiig district is overflowed, and at length con- 
verted into a stagnant marsh. It is from such a 
physical cause, that, at this moment, the ancient 
site of Babylon attests the truth of prophecy; 
being still, a-s it has been for ages, " a possession 
" for the bittern, and pools of water." 

But that which is called tlie watershed of any 
1 tract of land is not simply the most cle- 
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Tated portion of the whole sarface: it consuitA 
also, in a greater or less degree, of ranges of moun- 
tains; down the highly inclined sides of which the 
rain immediately descends in numerous torrents, 
which by their gradual accumulation produce 
rivers. And, as best calcidated to secure the per- 
manent efl'ect, the substance of these mountains 
is in general so hard, and impermeable to water, 
that, with reference to the present system of the 
earth, they may justly be characterised by tlie 
epithet " everlasting." But if, instead of being thus 
durable, they were of a soft or friable substance, 
they would soon cease to exist as mountains 
and if they were porous, instead of compact, 
they would absorb much of that rain which now 
contributes to the fonnation of rivers. 

From that portion of the rain which, in com- 
paratively flat districts, sinks beneath the sur- 
face of the ealth. reservoirs of water are formed: 
from which, either spontaneous springs arise, or 
into which, artificial excavations called tit.lU 
are sunk : and of the utility of such reservoirs, 
those beds of gravel which occur in every part 
of the world aflbrd upon the whole the best il- 
lustration. 

SECT. V, 

Jteds of Gravel. 

Few subjects would at the first view appear 

more barren of interest than a bed of gravel ; 

consisting, as it usually does, of nothing but 
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ftngments of broken pebbles anil sand, heaped 
together in apparently inextricable confusion. 
Yet such beds, dispersed as they are very gene- 
rally over the surface of the re^rular strata, ad- 
minister materially to the wants of man ; in af- 
fording him the means of supplying himself rea- 
dily with that important necessary- of life, water. 

From the in-egidarity in the form and size of 
the component parts of gravel, and from the 
slight degree of cohesion by which they are 
united, the whole mass is necessarily porous : 
and hence, readily transmitting the rain which 
falls on its surface, becomes charged wilh water 
to an extent proportional to the quantity of rain 
which has penetrated it; being enabled to retain 
the water thus accumulated, in consequence of 
its resting on some substratum, as clay, which is 
impermeable to water: so that, if an excavation 
sufficiently deep be made into any part of the 
gravel, the water immediately drains into this 
excavation, and rises at length to the level of 
the general mass of water contained in the whole 
bed ; by which easy process, in such instances 
at least, those reservoirs, called wells, are form- 
ed : and these reservoirs are never exhausted, 
so long as the whole bed of gravel retains any 
considerable proportion of «^ater. A verf ready 
illustration of this fact is afforded by the fami- 
liar instance of those excavations which children 

s accustomed to make in the sand of the sea- 
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beach, while yet charged with moisture during 
the ebbing of the tide. 

The inhabitants of a town which, like Oxford, 
is built partly on a coinjiaratively shallow bed 
of gravel, and partly on a deep stratum of clayf 
can well appreciate the value of the former sub- 
stratum of their habitations, with reference to 
the facility of procuring water: for while they, 
whose dwellings are built on the gravel, con 
readily obtain water by sinking a well immedi- 
ateiy on the spot; they whose dwellings are on 
the clay, must either procure water from a dis- 
tance, or incur a very serious, and, tinally per- 
haps, useless expense, in attempting to peutf 
trate the clay*". With respect to its general tieea, 
gravel seems only to be employed in the repair-' 
ing of roads and walks; in the composition of 
some kinds of mortar; and as a convenient oc- 
casional ballast for sailing vessels : so that, if we 
contine our view to the means afforded by gravel 
beds of supplying the ordinary wants of mani 
tlieir history may be comprised in a few wordsi 
Not so, if we view them with reference to th^ 
origin, and the nature of their occasional con* 

^ From the observation of ftn analogous arrangement in die 
general stnttt of the earth, namelf, that thoae which are per- 
vious to water alternate with tliose which are imperviooa to 
water, Mr. William Smith, " the fiither of English geology,** 
b^aine acquainted with the ori^n of springs, and the true prin- 
ciples of draining. 
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ints : and little dreams any one, save the pro- 
fessed geologist, what a niine lies hid, in those 
conftised heaps of ruin, for the exercise of man's 
iut«llectual faculties. Few subjects indeed have 
afforded ampler scope ibr philosophical reflec- 
tion. In proof of which, I need do no more than 
refer to the labours and ingenuity of Cuvier on the 
continent, and of Professor Buckland in our own 
country : of whom the one, by a scientific exa- 
mination of the organic remains of gravel beds, 
in addition to those of some of the regular strata, 
has brought to light not only numerous indivi- 
dual species, but whole families of animals, 
which have ceased to exist ages and ages since : 
and the other, with no less labour and ingenuity, 
has al) but exhibited some of these animals to 
our view in the very act of devouring and digest- 
ing their food. 

How often, and with what intense interest, has 
not the scientific geologist perused the original 
essays of Cuvier ; in which, setting out from the 
casual observation of a simple fragment of a fos- 
sil bone belonging to some extinct species, he 
has established not only the class and order, but 
even the size and proportions of the individual 
to which it belonged, and the general nature of 
it« food. And how oiien, in addition to professed 
geologists, has not an attentive aiulience of aca- 
demical students listened with admiration to the 
r and vivid eloquence of the other of those 
N -2 
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philosophers, the Geological Professor of Oxford, 
while he unfolded that beautiful chain of facts 
by which he traced his antediluvian animals to 
their native caves ; and exposed to view, to the 
mental eye at least, and almost to the corporeal, 
their particular habits, and even the relics of 
their last meal. And, lest there should be any 
doubt as to the nature of tliis meal, he discover- 
ed, by a most philosophical, for I will not say 
fortunate conjecture, unequivocal proofs of tlie 
actual remains of it ; not only in its original, but 
also in its digested state. I here allude particu- 
larly to his verification of the masses of digested 
bone which he has most satisfactorily shewn to - 
have passed through the whole tract of the di- 
gestive organs of his favourite hyenas; and which 
are so nearly identical, in every character, with 
tlie similar masses that daily traverse the same 
organs of the living species, as to make it diffi- 
cult even for an experienced eye to ascertain the 
difference between them. 

It is natural that I should feel a pleasure in 
recording the well-earned fame of a friend with 
whom I have lived in habits of intimacy for more 
than twenty years ; and whom, in the commence- 
ment of his career, I had the good fortune to lead 
into that avenue of science, on which he has sub- 
sequently thrown more light than perhaps any 
other English geologist; with the exception in- 
deed of one, the reverend W.Conybeare, tlie ad- 
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miration of whose comprehensive and command- 
inff view?, as well in fossil as in general geology, 
is not confined to his own countrymen ; the 
members of the French Institute having attested 
their sense of his preeminent talents by the high 
honour of selecting him, a few years since, as 
one of their foreign associates — an honour par- 
ticularly distinguished by the uncommon cir- 
cumstance, that it was not only unsolicited, but 
unexpected, by himself. 

On one point, however, of professor Buckland's 
general theory of the organic remains met with 
in gravel beds, and in certain natural caverns, 
I not only differ from him, but think it right to 
express the ground of that difference. Dr. Buck- 
land's arguments in favour of his opinion that 
the animals of the gravel beds, and the caverns, 
hftbitualty frequented the spots where these re- 
mains are found, are not only ingenious, but are 
occasionally supported by facts which almost 
necessarily lead to that conclusion : and it is not 
intended to attempt to invalidate them. They 
do not indeed stand in the way of the objection 
now to be advanced ; this objection being ap- 
plicable to that part of the theory only which 
considers the destruction of these animals as the 
effect of the Mosaic deluge. Nor is the objec- 
tion, in its origin, so much directed against the 
insulated supposition that these organic remains 
immediate proofs of the Mosaic deluge; as 
\ .1 
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against the principle of supporting tUe credibility 
of the sacred Scriptures on any unascertained 
interpretation of jihysica! phenomena. Such a 
support appears to be imprudent, as well as un- 
necessary : unnecessary, because the moral evi- 
dence of the credibihty of the Scriptures is of it- 
self fully sufficient ; imprudent, because we have 
the strong ground of antecedent analogy, not 
only in another but in this very branch of know- 
ledge, for anticipating a period in the progress 
of science, when particular phenomena may be 
interpreted in a very different manner from that 
in which they are interpreted at present. Thus 
the explanation of the motions of our solar sj-s- 
tem, which is now admitted very generally, with- 
out any fear of weakening the authority of Scrip- 
ture, was once as generally impugned on the 
principle of that very fear. Time was also, and 
indeed whhin the last century, when the shells 
and other organic remains, which are imbedded 
in the chalk and other solid strata, were con- 
sidered to be the remains and proofs of the Mo- 
saic deluge ; and yet at the present day, without 
■any fear of injuring the credibility of the Scrip- 
tures, they are admitted verj' generally to have 
been deposited anteriorly to the Mosaic deluge. 
And who will venture to say, in tlie infancy <^ 
% science like geology, that the same change of 
opinion may not happen with respect to the or- 
ganic remains of the gravel beds and caverns. 
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indeed do I think, and I expressed this 
opiuion nearly twenty years since, that the or- 
ganic remains of the gravel beds and the caverns 
can be, on even mere philosophical grounds, ad- 
duced as physical proofs of the Mosaic deluge. 
For as according to the Mosaic record it was the 
intention of the Deity on that occasion, in the 
midst of a very general destruction of iiidividaab 
to preserve species, we should in reason expect, 
among the organic remains of that catastrophe, 
a prei>onderance, at least, of the remains of ex- 
isting species : since, although some species may 
liave been lost subsequently to the dehige, these 
naturally would be comparatively few. But the 
fact is just the reverse ; for by far the greater 
number of tlie organic remains of the gravel, as 
of the caverns, belong to species not known now 
to exist. And with respect to those remains 
which appear capable of being identified with 
living species, Cuvier allows that they belong to 
order^i of animals, the species of which often dif- 
fer only in colour, or in other points of what may 
be called their external or superticial anatomy ; 
aiid cannot therefiM^ be satisfactorily identified 
by the remains of their bones alone. 

i do not consider it right to enter into a more 

lended examination of the question on the 

"present occasion : but, could it be proved that 

visible traces of the Mosaic deluge mu.'^t neces- 

urily exist, arguments might be adduced to 

N 4 
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shew both where tliose traces ouglit to be ex- 
pected, aud that they do actually exist. But 
the deluge itself wa» evidently a luinicle, or an 
interference with the laws which usually regu- 
late the operatiou of second causes ; aud who- 
ever admits the force of the reasoning, contained 
in Butler's Analogy of Natural and Kevealed 
Religion, will he disposed to allow that the visi- 
ble evidence of the catastrophe may have been 
purposely obscured, in order to exercise our faith 
in an exclusive belief of the moral evidence. 

I would not lay undue weight on the negative 
proof arising from the absence of human re- 
mains, although tliey have been in vain searched 
for, even in parts of the world to which it may 
fairly be presuiued that the human race had 
penetrated at the period of the Mosaic deluge : 
but undoubtedly such a negative proof is not 
without considerable weight ; especially when 
taken iu coiniexiou \vith the tlieory of a conti- 
nental geologist, M. de Qeaumout, of whose 
powers of philosophical generalization Professor 
Sedgwick speaks in language the most expres- 
sive. " 1 am uaiug," he says, " uo terms of 
" exaggeration, when 1 say that, in reading the 
" admirable researches of M. de Beaumont, I 
" appeared to myself, page after page, to be 
" acquiiiag a new geological sense, and a new 
" faculty of induction '^." 
« 8« Piof Seilgwick's address to the Geolog. Society. IHSl, p. 29. 
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ter having taken a general Burvey of M. de 
Beaumont's observations and views, Mr, Sedg- 
wick alludes to an opinion which he himself had 
expressed in the preceding year, that what is 
commonly called diluvial gravel is probably not 
the result of one but of many successive periods. 
" But what I then stated," he adds, " as a pro- 
^^^bable opinion, may, after the essays of M. de 
^Htteaumont, be now advanced with all the au- 
^^pUwrity of established truth — we now connect 
" the gravel of the plains with the elevation of 
" the nearest system of mountains ; we believe 
•* that the Scandinavian boulders in the north of 
'* Germany are of an older date than the dilu- 
'* vium of the Danube : and we can prove that 
^Hdte great erratic blocks, derived from the 
^^P^ranite of Mont Blanc, are of a more recent 
^^^Origin than the old grjvel in the tributary 
•* valleys of the Rhone. That these statements 
" militate against opinions, but a few years since 
" held almost universally among us, cannot be 
*' denied. But, in retreating when we have ad- 
" valiced too far, there is neither compromise of 
'* dignity, nor loss of strength ; for in doing this, 
*' we partake but of the common fortune of 
" every one who enters on a field of investiga- 
" tion like our own. All the noble generaiiza- 
** tions of Cuvier, and all the beautiful disco- 
" veries of Buckland, as far as they are the 
■suits of fair induction, will ever remain uu- 
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" shaken by the profp-ess of discovery. It is only 
" to theoretical opinions that my remarks have 
*' any application" (p. 33). 
' Mr. Sedgwick then proceeds to argue that 
dift'erent jHjavel bade having been formed at dif- 
ferent periods, it may hapi>eii from the nature 
of diluvial action, that mixtures of the materials 
of different beds may occur; and coiiK(]uently 
that " in the very same deposit we may find 
" the remains of animals which have lived dur- 
*♦ ing dift'erent epochs in the history of the earth" 
(p. 33). 

He then shews how, from the dotible testi- 
mony of the widely existing traces of diluvial 
action, and the record of a general delnge con- 
*auied in the sacred Scriptures, the opinion was 
naturally formed that all those traces were re- 
ferable to one and tlie same action : though we 
• ought in philosophical caution to have hesilated 
in adopting that opinion, because " among < the 
'* remnants of a former world, entombed in these 
*' ancient deposits, we have not yet found a 
" single trace of man, or of the works of his 
." hands'" (p. 34). I.asdy, he strenuously, denies 
tliat the facts of geological science are oppocted 
to the sacred records, or to the reality of an his- 
toric deluge ; and for himself, utterly rejects such 
an inference: and argues justly, that there is an 
accordance between the absence of human re- 
mains in these diluvial beds of gravel, and the 
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kposed antiquity of their formation, inasmuch 
as the phenomena of geology, and the testimony 
af botli sacred and profane history, " tell us in 
language easily understood, though written 
far different characters, that man is a re- 
'cent sojourner on the 8urface of the earth" 
(p. 35). 

SECT. VI. 
MttaU. 
'HE atmosphere, and the vegetable, and uui- 
mal kingiloms, being three out of the four gene- 
ral departments of the externa! world, are most 
extensively necessary to the welfare, if not to 
the very existence, of every individual : hut even 
communities of men, in an uncivilized state in- 
deed, have existed, and in some parts of the 
earth are still existing, without any further aid 
from the mineral kingdom than that, wliich 
the common soil affords to the growth of the 
food which supports them. But a civilized state 
of society is the natural destination of man ; 
and such a state of society is incapable of aris- 
ing or being maintained, without the aid of 
mineral substances : and this assertion holds 
more particularly with respect to the metallic 
8p€«ie8. 

In that department of civilized intercourse 
which consists in the exchange of the com- 
modities of life, what other substance could be an 
luivalent substitute for gold and silver, or even 
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Copper, as a medium of that exchange? In what 
constant use. and of what immense importance, 

' are some of the commonest metals in agriculture, 
and in the arts; or for the various purposes of 

, domestic Hfe ! Nor have any substances more 
BHCcessfully exercised the powers of the mind. 
in the discovery or improvement of physical 
tmths ; or more largely contributed to the bene- 
fit of mankind by the practical application of 
those truths. We owe it to the researches of 
philosophy, not only that new and highly valu- 

" able metals have been discovered ; but that the 
general value of the metals previously known, 
has been advanced by extended and improved 
applications of their inherent properties, or by 
tlie invention of new metallic combinations or 
alloys. 

If a convincing and familiar proof of the ex- 
tensive application of the metals to the common 
purposes of life were required, we need only 
refer to the case of many a common cottager, 
who could not carry on his daily concerns and 
occupations without the assistance of several of 
the metals. He could not, for instance, make his 
larger purchases, nor pay his rent, without sil- 
ver, gold, and copper. Without iron he could nei- 
ther dig, nor plough, nor reap ; and, with respect 
to his habitation, there is scarcely a part of the 
structure itself, or of the ftimit\ire contained in 
it, which is not held together, to a greater or less 
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sent, by means of the same metal : and many 
articles are either entirely of iron, or of iron 
partially and superficially coated with tin. Zinc, 
and copper, and antimony, and lead, and tin, 
are component parts of his pewter and brazen 
utensils. Quicksilver is a main ingredient in 
the metallic coating of his humble mirror: co- 
balt and platina, and metals perhaps more rare 
and costly than these, as chrome, are employed 
in the glazing of his drinking cups and jugs. 
And if he be the possessor of a fowling-piece, 
which commonly he would be, arsenic must be 
added to the foregoing list, as an ingredient in 
the shot with which he charges it; for it is ar- 
senic which enables the shot, during the process 
of its granulation, to acquire that delicately sphe- 
rical form by which it is characterised. So that 
the whole number of metals made use of by so- 
ciety at large for common purposes, amounting 
to less than twenty, more than half of these are 
either directly used by the mere peasant, or enter 
into the composition of the furniture and imple- 
ments employed by him. 

In estimating the value of those mineral sub- 
stances which were considered in the preceding 
chapter, as applicable to the common purposes 
of life, their degree of hardness is the property 
of principal consideration : but, in addition to 
this, metallic bodies possess some peculiar pro- 

Cties which very greatly increase their value. 
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Thas, under a force acting perpendicularly oni 
their surface, as tmder repeated blows of thei 
hammer, or compression by rollers, many of 
them are capable of being expanded to a greater 
or less extent; some of them to such an extentt' 
as to become thinner than the thinnest paper ; 
which property in its various deffrees is express-;.' 
ed by the term malleability: otliers, tliougb not 
possessing any great degree of malleability, may. 
be drawn ont into a wire, sometimes so line aft 
scarcely to be visible by the naked eye; which. 
property is expressed by the term ttuctilHi/. All 
of them are ca]>al)Ie of being expanded or con- 
tracted in every direction by an increase or de- 
crease of their temperature; the degree Of thia 
expansibiliti/t as of its opposite eftect, depending 
on the degree of the tem|)erature. And lastly; , 
in connexion with certain points of tempera- 
ture, all the metals are capable of existing either 
in a solid or in a liquid state : and their pro- 
perty of passing from a solid to a liquid state, 
in consequence of the agency of heat, is called 
their fusibility. 

Into the detail of the diflerent degrees in 
which these properties are possessed by differ- 
ent metals, it belongs to the chemist to enter. 
What we have at present to consider is, the ad- 
vantage accruing to society from these proper- 
ties themselves, and from their existence in tiiat 
particular degree in which they actually do ex- 
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fin the different metals : to shew, for instance, 
that those metals which possess malleability in 
a greater ratio than ductility, or ductility in a 
greater ratio than malleability, are of infinitely 
greater value than if the converse were tme: 
and so with respect to the property of fiisibility. 
Thus gold, beim; comparatively scarce, and prin- 
cipally valuable on account of its colour, its re- 
splendency, and its remarkable power of resist- 
ing the action of the air, and of various agents 
which readily tarnish or rust the more common 
metals, (all which properties reside on the mere 
surface,) a given quantity of such a metal is 
consequently more valuable in proportion to the 
degree of its malleability ; because it may be 
extended over a greater surface: and no metai 
possesses this property in so high a degree aa 
gold ; so that, as far as the eye is the judge, the 
mo6t ordinary substance may be made to repre- 
sent the moat costly, at a comparatively trifling 
expense : while in the degree of its ductility, 
which in gold would be, for general puqjoses, 
of little moment, it is inferior to most of the 
metals'^. 

c It .ihoulJ be kept in mind that this observation is applied to 
ufitttloyed or pure gold ; for, when nlloyed, tliis metal is CRpable 
of being drawn out into a comparntively fine wire- Dr. WoUaa- 
toa iudeed suggested a niethud of drawing out evea pure gajd 
into Dii exceedingly line wire, by ajiclosing it in a mass of a Inglily 
ductile tnetol, drawing out the mixed metal into line tvire, nnd 
disengBging the gold from the metiil in which it was enclo«pd. by 



19a ADAPTATION OF MINERALS 

Iron, agaio, is malleable to a degree which 
renders it most valuable as a material for fabri- 
cating all kinds of instruments for mechaniral, 
domestic, or philosophical purposes ; and it 
capable of being hardened by well known pro- 
cesses sufficiently for the numerous and import- 
ant works of the carpenter and mason, and the 
equally important pjirposes of war, agriculture, 
and the arts. A greater degree of roalleabilily, 
in a metal employed for such purposes as those 
for which iron is usually employed, especially 
as this metal is very easily corroded by rust, 
would clearly have addetl nothing to its prac^ 
tical value: while its degree of ductility, -which 
exceeds that of every other metal, combined 
with its capability of being hardened in various 
degrees, occasionally confers a value on it greatly 
superior to that of gold. 

From the difference in the degree of fiisibi- 
lity of different metals, aided by the disposition 
which they have to unite so as to form an alloy; 
arises the possibility of covering one metal in ft 
solid state with a superficial coating of another 
metal in a state of fusion. I am not aware that 
this method is employed, at least to any extent, in 
any other instances, than in the application of 
tin to the surface of copper or of iron ; but, were 
there an hundred similar instances, they would' 

any acid whii-h would dissolve the htter without nffei'ting ihe 
gold itBelf. 
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t" lessen the value of this, as affording an illus- 
tration of that principle which has been borne 
in mind througliout this treatise. Consider only 
the respective decfree of abundance of each of 
the three metals juet mentioned, and the differ- 
ence in some of their qualities with respect to 
external agents, and we shall have ample reason 
for being assured that, on this as on every other 
occasion, we may aay of the Creator of material 
things — " In wisdom hast Thou made them all." 
And not only is it true that 

" Tile world by diflVreiice is hi order found ;" 
but the difference is so adjusted in every in- 
stance, that, if it were varied, the value of the 
substances in which the difference is observable 
would be destroyed. Thus, of the three metals 
now under consideration, iron and copper, from 
the degree of their malleability, are easily formed 
into those various vessels which are of daily use 
for culinary and other purposes ; while tin pos- 
seseee the property of malleability in compara- 
tively a slight degree: and, correspondent! y with 
the extent of their use, iron and copper are 
found in great abundance and in almost every 
part of the world ; while tin is of very rare occur- 
rence. Again, the two former metals are easily 
rusted ; and, from the poisonous quality of the 
rust of copper, fatal effects on human health and 
life would be frequently occurring, used so es- 

isively as that metal is for the construction of 
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vessels in which our food is prepared, were it nolv 
defendedbythat superficial coatiug of tin.whichiat- 
commonly applied to the inner surface of such v 
eels; tin being neither easily rusted, nor capable 
of communicating any poisonous quality to sub' 
stances brought into contact with it. Let us tiieijj 
suppose that the respective degree of malleability^ 
or of fusibility, were reversed in these metals 
and observe the inconvenience that woxdd ensue^ 
Let the tin have that degree of malleabiUty, for 
instance, which would render it capable of sup- 
plying the place of the iron, or tlie copper, in the 
coustruction of various economical vessels and 
instruments ; yet, from the sjuall quantity- ia- 
which it occurs in the world, the supply of it 
would soon be either exhausted, or its price would 
be so enhanced that it could not be purchasetlex-^ 
cept by the rich. And, even if the supply wen 
inexhaustible, yet, from the softness of the metali 
the vessels made of it would be comparatively of 
little use; and from the low temperature at which 
it melts, it couid not be readily used for the ge- 
nerality of those purposes to which copper and 
iron are commonly applied. On the other haud^ 
let the copper or the iron be as fusible as tin; 
and let the tin be as refractory under the action 
of heat as iron and copper are : in that case, how 
could the tin be apjilied with any degree of 
nomy to the surface of either of the otlier two ; 
while they themselves woidd be unfit, from their 
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' fusibility, to withstand that degree of heat 
to which they are necessarily exposed in many of 
the economical uses to which they are applied ? 
There remains to be considered one property 
of metals with respect to their fusibility, which 
is of the highest practical importance ; for on 
this property depends the possibility of uniting 
together portions of the same, or of different 
metals, without fusion of the metals themselves. 
If two metals be melted into one uniform mass, 
the compound is called an alloy; and in the 
greater number of instances, if not in all, the 
alioy is more readily fusible than either of the 
component metals : and hence it easily becomes 
a bond of union between the two metals, or dif- 
ferent portions of either of them. Such an al- 
loy, when so employed, is called a solder. In 
considering the present subject, we cannot over- 
look a remarkable analogy between metallic sub- 
stances and building stones, with reference to 
one mode in which they may respectively be 
unitetl to each other, so as to form one solid 
mass; mortar being to stones what solder is to 
metals. Thus, in uniting two metallic surfaces by 
means of solder, it is requisite that the latter 
should be in a fluid state, or melted ; and, in 
uniting the surfaces of two bricks or stones by 
means of mortar, the latter must be, if not in ab- 
solutely a fluid, yet in a soft and yielding state : 
[ the final hardening of each is the efficient 
o 2 



ifld 



AllAPTATION or MINERALS 



cause of permanent uuion. The period indeed 
retjuiaite for the due conaoUdation of the uoiling 
mediuui is very ditferent ; the solder becoming 
fixed in a few seconds, the mortar requiring; eome 
hours, jjerhaps days for its coneoHdation : but* 
in tlie end proposed, there is no essential difler- 
ence; for tlie mortar, if originally tempered well, 
and well applied, as tirmiy unites the stones, as 
solder the metals: so that mortar might be called 
a slowly acting solder; and solder, an extempo- 
raneous or quickly acting mortar. 

It would appear a paradox, if not an ab- 
surdity, to affirm abruptly that a liability to 
rapid decay is among the most important pro- 
perties of any substance in general use : and 
yet this may be truly affirmed of iron. For 
though, in one sense, its liability to rust dimi- 
nishes the value of this useful metal, because it 
is consequently almost impossible to preserve it 
very long in an entire state ; yet, indirectly, Out 
property, though detrimental to individuals, is 
beneficial to the community: for, in the first 
place, the presence of iron ore is so general, 
and its quantity so abundant, that there is no 
probability of any failure in its supply: and, iu 
the next place, numerous branches of trade an 
kept in continued employ, both in working the 
ore, and in meeting tlie constantly renewed de- 
mand for implements made of iron, owing to the 
rapid corrosion of this metal. 
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Among the metals there is one, the history of 
which ought not to be overlooked on the pre- 
sent occasion, from the very circumstance that 
its value in a great measure depends on the ab- 
sence of most of those properties which render 
all other metals vahiable. Quicksilver is the 
metal in question ; and what an anomaly does 
it not present in the general history of metals; 
existing, under all common variations of tem- 
perature, in a fluid state, while all other metals, 
with which we are familiar, are, under the same 
Tariations, solid ; nor indeed are they capable 
of becoming fluid, but by an elevation of tem- 
perature to wliich they are hardly liable to be 
exposed, unless designedly : lastly, in conse- 
quence of its fluidity, destitute of malleability 
and ductility ; which are among the most valu- 
able properties of the metals taken collectively? 
This state of fluidity, however, is the very point 
on which the value of this metal in a great mea- 
mire turns: for hence it is successfully employed 
for many purposes, to which, were it solid, it 
would be inapplicable. How valuable is its use 
in the construction of the common thermometer 
and barometer ; the value, in the case of the 
former instrument, depending entirely on its 
fluidity, and on the physical characters of the 
fluid itself — the equable ratio, for instance, of 
its contraction and expansion under widely va- 
rying degrees of temperature; and its property 
o 3 
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of remaining fluid through a greater range rf 
temperature than any other known substance*. 
And, in the case of the barometer, what fluid id 
there which could supply the place of quick- 
silver, with any degree of convenience? since^ 
from the great specific gravity of this metal, a 
column of the perpendicular height of about 
thirty inches, sufficiently answers (he intended 
purpose ; which column in the case of almost 
every other fluid, would amount to as many 
feet. And as, in such a case, the column must 
necessarily be contained in a glass tube, in order 
to make the alterations in its height visible, how 
would it be possible to render such an instru- 
ment portable ? and yet, if not portable, it wotlld 
often be of no use when most wanted. 

In those numerous philosophical experiments 
in which it is requisite to insulate portions of 
various gaseous substances, for the purpose of 
examining their properties, how could the ex- 
perimentalist proceed without the use of the 
metal now under consideration ; which by its 
fluidity readily yields its place to the various 
kinds of gas which are to be transferred to ves- 
sels previously filled with the quicksilver; and, 

■* Quicksilver does not become solid till exposed to a tem. 
perature about seventy degrees below the ^ezing point io the 
scale of Fahrenheit ; nor does it pass rapidly into a state of va- 
pour till exposed to a temperalure equal to newly three hon- 
dred and seventy degrees aboce the boiling point of water, on 
the same Rcale. 
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ring no chemical affinity for the greater num- 
ber of gaseous substances, is calculated to retain 
them in an insulated and unaltered state for 
an indetinite length of time? nor let us forget to 
observe, how the properties of the metal, which 
is necessarily in contact with the gaseous sub- 
stances in cjuestion, conspire with the properties 
of the glass vessels containing those gaseous sub- 
stances, to facilitate the observations of the phi- 
losopher: for, if the glass were not both a trans- 
parent body, and equally devoid as the quicksil- 
ver of any chemical affinity for the gas contained 
in it, tlie metal itself «ould be of little use for the 
purpose intended ; since we are not acquainted 
with any other substance that could supply the 
place of glass — with the exception perhaps of 
rock crystal ; which however could only be pro- 
cured in small quantity any where, and could 
not be worked into a convenient form but at a 
most enormous expense. 

tSEcr. VII. 
Common Salt, Sfc. 
T does not appear that the mineral kingdom 
tains a single species capable of being em- 
ployed as food ; but tliere is one mineral species, 
which indirectly contributes to the nourishment 
of many other animals as well as man ; and that 
is common salt : the flavour of which, to a cer- 
i extent, is not only grateful to the palate, 
o 4 
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but, practically speaking, mankind could not 
exist, or at least never have existed, without the 
constant use of it. Thus, though employed in 
very small quantities at a time by any indi- 
vidual, and almost exclusively for the purpose 
either of preserving or of rendering his food 
more palatable, this substance may fairly be 
classed among the principal necessaries of life: 
and, correspondently with this «tatement, wo 
find that nature has supplied it in abundance, 
indeed in profusion often, in various parts of 
tJie globe : for, to say nothing of those appa- 
rently inexhaustible masses which occur among 
the solid strata of the earth, and whicli have 
been constantly quarried through successive 
ages from the earliest records of history, the 
ocean itself is a never-failing source of this 
valuable substance. In other instances salt 
springs afford the means of a ready supply: 
and, throughout a considerable part of the gandy 
districts of Africa and Asia, the soil itself abounds 
with it^. The abundant supply of common salt 

" It does not belong to our present purpose to describe tbe 
eommun processes by which the salt is obtained eitht^r from the 
sea, or from nuy other liquid that may bold it in solution : but 
the following account of b particular process, for this purpoM, 
M> well iUnittratt^ the ingt^uuity of the human mind in takii^ 
advantuge uF natural hints, if the expression may be permitted, 
that no excuse can be necessary for its introduction. In Guiana 
there is a very common species of palm, the flowers of which iire 
enveloped by a sheath capable of holding many pints of vmXtr ; 
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coincides with its extensive utility. It is every 
where indispensable to the comforts of man; 
and it is every where found, or easily obtained 
by him. And, though not to the same extent, 
the same observation holds with reference to 
many other natural saline compounds. Thus 
carbonate of potash, and natron or carbonate of 
soda, alum, borax, sal ammoniac, and sulphate 
of iron, or green vitriol, which are most exten- 
sively useftil salts in many processes of the arts, 
are either found abundantly in various parts 
of the world, or may be obtained by very easy 
means : while a thousand other saline compounds, 
which are rarely of any practical importance, 
are scarcely known to exist in a native state. 
And it is probable that that useful metal, copper, 
in consequence of its frequent occurrence in a 
native state, was employed long before the mode 
of reducing iron from its ores had been disco- 
vered ; as Werner (and Hesiod, and Lucretius, 
ages before him^ conjectured. 

and the density and general nature of the sheath is snch^ that 
the water contamed in it may he heated over a fire without de- 
stroying its suhstance : and the Caraibs actually employ these 
sheaths^ in evaporating the sea-water for the purpose of obtain- 
ing a quick supply of salt. (Diction, des Sciences Nat. torn, xxxvii. 
p. 283, 4.) 

' XoXjcf ^ ^py6(o¥rOf fUkas ff odx Icnw <rUh/fpot. 

EPF. KAI HM. line 161. 
Posterius Ferri vis est, iErisque reperta. 
Et prior ^ris .erat quam Ferri cognitus usus. 

LucRBT. V. 1285. 
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CHAP. VIII. 

Adaptation of Vegetables to the Physi\ 

Condition of Ma?i. 

SECT. I. 

General Observations oti the Vegetable Kingdom. 

THE vegetable kingdom has this distinction 
with reference to the subject of the present trea- 
tise, that its productions are among the first ob- 
jects that forcibly attract the attention of young 
children ; becoming to them the source of grati- 
fications, which are among the purest of which 
our nature is capable; and of which even the in- 
distinct recollection imparts often a fleeting plea- 
sure to the most cheerless moments of after-life. 

Who does not look back with feelings, which 
he would in vain attempt to describe, to the de- 
lightful rambles which his native fields and mea- 
dows atforded to his earliest years? Who does 
not remember, or at least fancy that he remem- 
bers, the eager activity with which he was used 
to strip nature's carpet of its embroidery, nor 
ceased to cull the scattered blossoms till his in- 
fant hands were incapable of retaining the ac- 
cumulated heap ! Who, on even seeing the first 
violet of returning spring, much more on inhal- 
ing its sweetness; or in catching the breeze that 
has passed over the blossom of the bean or of 
the woodbine, does not again enjoy the very de- 
lights of his early childhood ! 
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It may be said indeed that the pleasure of 
such recollections in for the most part of a moral 
and intellectual natiire ; and, so far, is foreign 
to our present object : but the pleasure of the 
original enjoyment appears to be principally of a 
physical character; and is no doubt intended to 
produce, at the moment, a highly beneficial, 
though merely physical effect : for while the 
eye of the child is attracted by the unexpected 
forms and colours of the plants and flowers pre- 
sented to his view, and his mind is instigated to 
gratify the eager desire of possessing them, he 
necessarily subjects his limbs to that degree of 
exercise and fatigue, which contributes to the 
general health of his body. Nor let such plea- 
sures be undervalued in their consequence : they 
give that moderate stimulus to the whole sys- 
tem, which even the early age of infancy re- 
quires; and, by shutting out the listlessness 
that would arise from inactivity, they become 
eventually the source of moral and intellectual 
improvement. 

With reference to the primary wants of man- 
kind at large, the vegetable kingdom is of the 
highest importance. Let the earth cease to pro- 
duce its accuBtomed fniits, and every form of 
animal life must be soon annihilated : for all 
animals either derive their nourishment directly 
from vegetable food, or feed on those animals 

lich have themselves fed on vegetables. And, 
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without the aid of the same productions, we 
should be deprived of various substances which 
are now employed for clothing, and fuel, and 
the construction of our habitations. But the 
adaptation of the vegetable kingdom to the arts 
and conveniences of life is visible in numerous 
other instances : and the principal difficulty, in 
illustrating this point, is the selection of ap- 
propriate examples, and the order of their ar- 
rangement. 

SECT. 11. 
The Cocoa-nut Trce,indudmgthcf Hmation of Coral Retfh 

For the purpose of introducing in a more jmr- 
ticutar manner the general subject of this chap- 
ter, and as an impressive example of the im- 
portant ends which nature often accomplishes 
by the simplest means, I propose to consider 
the mode in which tlie cocoa-nut tree is sponta- 
neously propagated in the coral islands of (he 
Indian Archipelago and elsewhere : nor will it be 
an undue anticipation of a subsequent depart- 
ment of this treatise, if 1 previously give a brief 
description of the process by which those islands 
have themselves been brought iuto existence. 
The account of their origin indeed belongs more 
strictly to the history of the animal than of the 
vegetable world ; but the two subjects are so 
naturally connected, that it would be injudicious 
to separate them. 

It may he collected from the observations of 
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ift French navigator, M. P6ron, (Ann. du Mus. 
torn. vi. p. 30, &c.) that almost all those count- 
less islands of the Pacific Ocean, which are found 
to the south of the equator between New Hol- 
land and the western coast of America, are 
either entirely or in part made up of coral : and 
all the adjacent ocean abounds with coral reefs, 
which, constantly augmenting, are constantly 
changing tlie state of bays, and ports, and 
gulfs ; so that new charts are continually re- 
quired for the same coasts. From Barrow also 
it appears, (Barrow's Cochin China, p. \G7,) that 
the formation of coral reefs or isles is very com- 
mon in the tropical parts of the Eastern and Pa- 
cific Ocean. And Captain Flinders says tliat 
the quantity of coral reefs between New Holland 
and New Caledonia and New Guinea, is such, 

X tliis might be called the Corallian Sea. 

inders's Voyage, vol. ii. p. 314). 
Many more references miglit be made, to 
Others as well a» the above-mentioned voy- 
agers, in order to shew that the formation of 
coral islands is effected by natiu"e on a very ex- 
tensive scale : but, for the present purpose, the 
preceding references may be considered suffi- 
cient. Let us now therefore describe the gene- 
ral character and mode of fonnation of these 
islands. 

Forster saysR that the low islands of tropical 

( Forster'* Voyage round the WnrM, p. 14, LI. 
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seas are commonly " narrow, low ledges of coral 
" rock, including in the middle a kind of lagoon 
'* and having here and there little sandy itpots, 
" somewhat elevated above the level of high 
" water, on which cocoa-nuts thrive :" corre- 
spondent with which description is the account 
given by captain Cook, on the occasion of dis- 
covering one of these coral reefs ; which was at 
first mistaken by him for land. " This proved to 
" be," he says, " another of those low or half- 
" drowned islands, or rather a large coral shoal. 
" of about twenty leagues in circuit. A very 
" small part of it was land, which consisted of 
" little islets ranged along the north side, and 
*' connected by sand-banks and breakers. These 
" islets were clothed with wood, among which the 
" cocoa-nut trees were only distinguishable. We 
" ranged the south side of this shoal at the dis- 
" tance of one or two miles from tlie coral bank, 
" against which the sea broke in a dreadiiil surf. 
" In the middle of the shoal was a large lake, or 
" inland sea, in wiiich was a canoe under sail.' 
(Cook's Voyage, 4to. 1777. vol. i. p. 141, 142.) 

Coral, considered as an individual substance, 
is a natural form of carbonate of lime, produced 
■ by an animal of the polype kind. The particles 
of carbonate of lime, however produced, are 
cemented together so firmly by a glutinous 
cretion of the same animal, as to acquire a de- 
gree of consistence, which not only fonns a safe 
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htibitation for a race of animalcules, from their 
soft texture most obnoxious to external injuries; 
but which is calculated to resist the utmost ac- 
tion of the sea, and in many instances to protect 
the original surface of the earth itself from its 
assaults. Thus almost all the tropical islands, 
which Cook saw in the South Pacific Ocean, are 
guarded from the sea, to a greater or less extent, 
by a reef of coral rocks, extending out from tlie 
shore to the distance of six hundred feet and 
farther ; and on this reef the force of the sea is 
spent before it reaches the land : and thus na- 
ture has efiectuaily secured these islands from 
the encroachments of the sea, though many of 
them are mere points when compared with that 
vast ocean''. 

As tlie specific gravity of coral is greater than 
that of sea-water, the structure of a coral reef 
necessarily commences either from the natural 
bed of the ocean, or from the surface of some 
submarine rock ; and, as may be collected from 
the nature of the soundings among coral reefs, 
the whole structure is very frequently disposed 
in the form of a crescent ; sometimes even ap- 
proaching to a circle. This crescent is, on the 
convex side, built up throughout in very nearly 
a perpendicular direction ; so as to form a wall, 
which is exposed to that quarter from whence a 
stormy sea most frequently prevails. The in- 

h Cook's Voyage, 1777, '(to. vol. i. p. 212. 
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tenor of the structure seems gradually to ahelre 
off; BO that about the centre of the inclosetl, or 
partially inclosed space, the ^a is found of its 
natural depth. Correspondently with such an 
arrangement, it happens usually that the sound- 
ings gradually lessen from the centre of the area 
inclosed by a coral reef, towards the exterior 
ridge; and then suddenly sink to two hundred 
fathoms or more. 

To the foregoing observations I shall subjoin 
the opinion of captain Flinders on the pro- 
cess observed by nature in the formation of 
coral reefs. " It seems to me," he says, " that 
" when the animalcides, which form the coral 
*' at the bottom of the ocean, cease to live, their 
" structures adhere to each other by virtne 
" either of the. glutinous remains within, or of 
" some property in salt water ; and the inter- 
" stices being gradually filled up with sand and 
" broken pieces of coral washed by the sea, 
" which also adhere, a mass of rock is at length 
" formed. Future races of these animalciilfs 
" erect their habitations upon the rising bank. 
" and die in their turn ; to increase, but princi' 
" pally to elevate, this monument of their won^ 
" derftil labours. The care taken to work per- 
" pendicuiarly, in the early stages, would mark 
" a surprising instinct in these diminutive crea- 
" tures. Their wall of coral, for tlie most part 
" In situations where the winds are constant, 
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eing arrived at the surface, affords a shelter ; 

> leeward of M'hich their infant colonies may 
safely sent forth : and to this, their iii- 
' stinctive foresight, it seems to be owing, that 
' the windward side of a reef, exposed to the 
' open sea, is generally, if not always, the high- 
' est part ; rising almost perpendicularly, some- 
' tiroes from the dejith of two hundred and 
' perhaps many more fathoms. To be con- 
' stanfly covered with water seems necessary to 
' the existence of the animalcules ; for they do 
' not work, except in holes upon the reef, be- 
' yond low-water mark : but the corai sand, 
' and other broken remnants thrown up by the 
' sea, adhere to the rock, and form a solid mass 
' with it, as high as the common tides reach. 
' That elevation surpassed, the future remnants, 
' being rarely covered, lose their adhesive pro- 
' perty; and, remaining in a loose state, form 
' what is usually called a Arey upon the top of 
' the reef. The new bank is not long in being 
' visited by sea birds ; salt plants take root upon 
' it, and a soil begins to be formed ; a cocoa- 
' nut, or the drupe of a pandanus, is thrown on 
' shore ; land birds visit it, and deposit the seeds 
' of shrubs and trees; every high tide, and still 
' more every gale, adds something to the bank ; 

he form of an island is gradually assumed ; 

nd, last of all, comes man to take possession '." 

i Flinders'8 Voyage, vol. u. [.. 1];>. 116. 
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In the base of a coral island of the above 
description, captain Flinders distinguished not 
only the sand, coral, and shells, formerly thrown 
up, in a more or less perfect state of cohesion ; 
but also small pieces of wood, pumice-stone, and 
other extraneous bodies, which chance had mixed 
with the calcareous substances when the eohe- 
ftion began, and which in some cases were still 
separable from the rock without much force*". 
Such sand-banks are found in different stages 
of progress ; some being overflowed with every 
returning tide ; some raised above high-water 
mark, but destitute of vegetation ; some, lastly, 
habitable and abounding in trees. 

Let us here pause for a moment to contem- 
plate the wonderful effect produced by apparently 
the most inadequate means. And wonderful in- 
deed is the effect, even if the process above de- 
scribed were now to cease for ever; but inach 
more, if we look to its probable extension : for, 
reasoning on what has already been accom- 
plished, and on what is at this moment rapidly 
advancing, it is evidently probable that a new 
habitable surface of land may be eventually 
produced, equal in extent to the whole of Eu- 
rope, and produced by the agency of a tribe of 
animals, which occupy very nearly the loweef 
steps in the scale of animal creation, and which 
in every other respect are the most inefficienl 

I" Flinders's Vojfage. vol. ii, p. 110. 



1 



TO THE PHYSICAL CONDITION OF MAN. 211 

. helpless of creatures. For, fixed as tliey 
are, both iudividually and collectively, to a com- 
pletely local habitation ; or, rather, buried as it 
were in a strong mass of coral, and literally 

*' ICoch in Ills narrow cell for ever laid," 
their general appearance and mode of growth 
so little resemble the animal character, that, for 
a long time, many of the species were considered 
as of vegetable origin ; and are, even now, very 
commonly called zoophytes, or animated plants, 
^'or let us fail to observe, in the. foregoing 
account, the physical fitness for each other of 
two very different departments of nature. The 
same geographical climate which gives birth to 
those animals, whose labours produce this pre- 
viously unexpected habitable surface, gives birth 
also to those vegetables, which, at the same time 
that tliey are capable of growing on so loose 
and poor a soil, are capable besides of supply- 
ing its future inhabitants not only with nutri- 
tious food, both in a liquid and a solid form, 
but with materials for constructing their habi- 
tations, and for many other useful purposes. 
And iu the mean time the fowls of the air, and 
the very winds and waves, are all employed in 
administering to the beneficent intentions of 
Providence. Of little use would be a new habit- 
able surface, were it never to be tenanted by hu- 
man beings ; and in vain would man attempt to 
alonize that surface, were it barren of vegetable 
p2 
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productions: but the seeds of various plants; 
as we have seen in the foregoing descriptions," 
are either brought by birds, or drifted by the 
wind and waves, to a soil calculated to support 
them. 

Among the vegetable productions of coral 
islands, the cocoa-nut tree stands preeminent in 
value ; containing ia itself nearly all those im- 
portant properties, which are found at large in 
that natural family of plants, the palms : and 
valuable indeed are those properties, if we may 
rely on the accounts which have been given of 
them by different authors; and of the truth of 
those accounts there is no sufficient reason to 
doubt. Johnston ', speaking of the abundance 
of the cocoa-nut tree in India, where he says it 
occurs to a greater extent than the olive in 
Spain, or the willow in Holland, affirms that 
there is no part of the tree which is not applied 
to some useful purpose. Not only the cabins of 
the poorer natives, but large houses, are con- 
structed entirely iivith materials afforded by this 
tree ; the trunk, when split, supplying rafters, 
&c.; and the leaves, when plaited, making 
roofs and walls, which are impervious to wind 
and rain. The statement of Johnston is con- 
firmed by captain Seely, in his accoimt of El- 
lora "", who says that " when he was stationed at 

1 JohnstonuB de Arboribus, p. 146, &c. 
» London. 1824, Bvo. p. 284. 
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Goa, in 1809, he lived, as many others did, in 
" a cocoa-nut-leaf house ; and that although the 
" period was in the very height of the monsoon, 
" and the house was on the sea-coast, it was 
" comfortable and warm. He believes that not 
" a nail was used in the whole building : the 
" rafters and supporters, &c. were fastened on 
" with siring made of the fibrous envelope of 
" the cocoa-nut shell ; the wood was the tree 
" itself; the roof, walls, doors, and windows 
" were the leaf." From the same, authority we 
learn that the fibres, enveloping the shell of 
the nut, may be woven into a cable by which 
ships of seventy-four guns have safely rode out 
heavy gales of wind, when European cables have 
parted. 

In the Wernerian Memoirs, vol. v. p. 107, &c., 
is a very interesting account of the cocoa tree ; 
in which the author states that this tree will grow 
on the sand of the sea-shore, where scarcely 
any thing else will vegetate : which corresponds 
with the account of an author above mentioned, 
who, speaking of its growth, says, " radicem ha- 
" bet tenui spatio porrectam ; et quK quasi con- 
'* tra fidem terrje inheeret"." And these state- 
ments are quite in accordance with the observa- 
tions of captain Flinders. 

from otlier sources we learn that this tree 



■> Jt)]iiiitti)iiuH de Arboribuii, p. 145. 
p3 
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bears fruit twice or thrice in the year " ; that th< 
half-ripe nut contains sometimes three or foitf 
pints of a clear aqueous fluid, fragrant, and 
pleasant to the taste ; and that the nut itself, 
from its highly nutritious qualities, is used ad 
an aliment in all inter-tropical countriesP. In the 
volume of the Wernerian Memoirs above men- 
tioned, it is said that in 1813 the number of 
cocoa trees cultivated in Ceylon, along a line 
of coast of about 184 miles, was ten millions, 
and that that number was increased in following 
years ; that this tree is fruitful from its eighth 
to its sixty-fourth year, and sometimes bears 
from eighty to one hundred nuts annually; that 
elephants are fed on cocoa-nut leaves ; and that 
the ashes of the tree contain so great a propor- 
tion of potash, that the native washermen of 
Ceylon use them instead of soapi. 

In the Nouv. Diet. d'Hist. Nat. torn. vii. p. 297, 
&c. it is stated, that, as in other pahns, if the ex- 
tremity of the sheath from whence the flowers of 
the cocoa arise be cut off M'liile young, a white 
sweet liquor distils from it, which is used ex- 
tensively as a beverage in India under the name 
of ptilm wine; that this liquor, if concentrated 
by boiling, deposits a sugar; that if exposed to 
the air it acquires vinous proj>erties at the end 
of twelve hours, and at the end of twenty-four 

» NoBv. Dictioun. d'Hist. Nnt. torn, vii. p. HQJ. 2118. P Jbid. 
1 Wem. Mem. vol v. p. 110— J27. 
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I becomes vinegar ; that an oil may be ob- 
tained from the nut, which is not inferior to 
sweet almond oil, and which is used almost ex- 
clusively in India ; and that the shell is formed 
into cups and various other small articles. 

Almost all that has bfeeii said of the cocoa tree 
might be repeated of the date tree, making an 
allowance for the specific differences of the two : 
and with respect to the palms iu general, Hum- 
boldt says it would not be easy to enumerate the 
various advantages derived from them. " They 
" afford wine, vinegar, oil, farinaceous food, 
^" and sugar; timber also, and ropes, and mats, 
^Band paper; and," he adds, that " no trees are 
^^Ho abundant in fruit, even without the aid of 
^"cultivation; and that the Franciscan monks, 
" who live in the vicinity of palm plantations, 
" near the banks of the Orinoco, observe that 
" the native Indians give evidence of a fruitful 
" palm year, by the corresponding improvement 
" in their health and appearance""." 

1 shall conclude this part of the subject with a 
translation from the Flora Atlantica of Desfon- 
taines, for the introduction of which no apology, 
1 trust, is necessary. In describing the natural 
scenery of groves of palm, the author concludes 
with the following beautiful passage. "These 
" palm-groves, being impervious to the sun's 
" rays, afford a hospitable shade, both to man and 

' Humboldt, Dislrib. Geogr. Plaut. p. 216—240. 
p4 



216 



ADAPTATION OF VEGETABLES 



*' Other animals, in a region which would other- 
" wise be intolerable from the heat. And under 
" this natural shelter, the orange, the lemon, the 
" pomegranate, the olive, the almond, and the 
" vine grow in wild luxuriance ; producing, not- 
" withstanding they are so shaded, the most de- 
*' hcious fruit. And here, while the eyes are fed 
" with the endless variety of flowers which deck 
" these sylvan scenes, the ears are at the same 
" time ravished with the melodious notes of nu- 
" merous birds, which are attracted to these 
" groves by the shade, and the cool springs, and 
" the food which they there find «." 

SECT. III. 
Vegetables as a Source of Food. 
It appears from various statements of 
thority, that the species of vegetables already 
known amount to about sixty thousand ' : though 
there is reason to believe the actual number is 
above a hundred thousand": and, from the ge- 
neral analogy of nature, we may fairly conclude 

■"PiJmctnruiliisBalis iuipervia. umbnun inregionecalidi 
" hoBpitaliMn iiicolis, vialiiribiia, (cque ac aiiimantibus miiustTUt. 
' Eoruai denw) sub legmiue, absque tiriliae crescunt aurantia, 
* liniDnea, punicte, oleic, amygdbUi, vites, quK cursti geniculato 
" aocpe tniDCos palmsruin scandunt. Ha' omnes fructus susvit. 
" sitnoa, licet obutnbratm, ferunt ; ihiijue mira flomm el fructnnm 
" varietati! pascuntur oculi; simulque festivis avium candlenis, 
" quoB uinbni. aqiiu, viLiius olliciunt, recreuutur aiires." 

Desfontaiiics, Flora Atlantica, torn. ii. Appeud. p. 43y, 

' Converaatioiis on \''egetable Physiology, vol, ii. p. 108. 

" DecandoUe, TheorieEIem.dekBotanique, 8ro. 1819, p. 25- 
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no species exists without its use in the 
economy of the earth. Of many indeed we 
witness the direct use, either for the various 
purposes of civilized society, or for the sus- 
tenance of animal life : but for the present let 
U8 confine our attention to the latter point in 
their history ; and, although whatever is adapted 
to the sustenance of animal life in general, is in- 
directly adapted in a great measure to the ac- 
tual condition of man, and would therefore justly 
come within the scope of this treatise ; yet, that 
we may not extend the subject too far, let us 
consider those species only which constitute the 
direct food of man ; subject indeed frequently to 
such culinary preparations as make our food not 
only more palatable, but also more nutritious. 

Among the numerous species of vegetables 
which supply food to man, by far the greater 
proportion consists of those which may be con- 
sidered upon the whole as mere hixuries ; or at 
most, as affording an agreeable and sometimes 
useful variety. Of those species which afford 
that kind of nutritive matter which is contained 
in what has been emphatically called the staff 
of life, or bread, the number is very small ; legu- 
minous plants, and wheat, and rice, the fruit 
and pith and other parts of some of the palms 
and bananas, and such farinaceous roots as the 
potato. Sec. comprising nearly the whole amount. 
. It would be unuecessary to point out more 
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particularly the importance of some of the fore- < 
going species, to any one at all conversant with 
the general mode of life of Europeans as to 
food : and a slight acquaintance with the his- 
tory of the world is sufficient to shew us, that, 
what wheat and the potato are to Europe, rice 
is to a considerable portion of Asia, Africa, and 
America; and the products of the date and 
cocoa, pahns, &c. to the inter- tropical countries 
of the whole earth. But there are some natural 
analogies afl'orded by those species, with re- 
ference to the animal kingdom, which are well 
worthy of observation. 

In the animal kingdom all those species which 
serve extensively for food, as oxen and siieep and 
swine among qnadruiieds; the turkey, the com- 
mon fowl, and tlie duck, &c. among birds; and 
the salmon, cod, herring, &c. among fish, are 
either naturally of a gregarious nature, or are 
easily kept together, by human means, in large 
bodies ; and therefore are much better adapted 
to the purpose of supplying food to man, than if 
they were either solitary, or scattered into small 
groui>s. And so it is with respect to the vege- 
able species above described : they are capable 
bf being cultivated, gregariously as it were, with 
comparatively little labour and attention. Thus 
in our own, and other European countries, the 
daily labourer, after his hours of hired work 
for others, can cultivate his own private field of 
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fceat or of potatoes, with very little additional 
expense of time or trouble. And aa to the cul- 
tivation of the tropical fruits, scarcely any labour 
is required for that purpose : bo that to the !es8 
hardy natives of those climates the assertion of 
he poet is strictly applicable, 

' Funtiit hunii facilem viclum justisBima tellus." 
^A further analog is observable in the degree 
of fertility of the respective vegetables and ani- 
mals. Among the animals which are destined 
for the food of man, the species are upon the 
whole prolific in proportion as they are either 
small in size, or inferior as to the nutritive qua- 
lity of their tiesh. The cow, which is a large 
animal, produces one usually at a birth ; the 
sheep very commonly two ; swine, several. 
Poultrj', which are comparatively small, are 
capable of rearing a numerous brood ; and fish, 
which are of a less nutritious nature, and gene- 
r ally smaller than quadrupeds, are still more 
^Hfedifte. And, similarly, in the vegetable spe- 
^^Hb which are destined for the food of man, the 
^niftraerical quantity of the product in a given 
area is greater or less, in proportion to the indi- 
vidual size of the fruit produced. Dates, which 
are smaller than cocoa-nuts, are produced in 
greater number than the latter; and in a square 
yard of soil, a much greater number of grains of 
rice or wheat is produced than of roots of tlie 
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Lastly, another analogy may be observed with 

reference to the palate. The taste of the flesk 
of those species, which constitute to man the 
staple as it were of animal food, is acceptable 
to most palates. And it is neither so rich as 
soon to cloy the appetite on the one hand, or 
iavite it to luxurious indulgence on the other; 
nor so devoid of flavour, as to deter us from, 
taking a proper quantity. And is it not the 
same with respect to those vegetable species, 
which are among the most ordinary and most 
necessary articles of our food ! If corn, and the 
potato, and the cocoa-nut, had the pungency of 
euphorbium, the nauseating quality of ipeca- 
cuan, the heat of pepper, or the lusciougness of 
sugar, on the one hand, or the insipidity of 
powdered chalk on the other ; what an uade> 
taking would it be to satisfy the craving of 
hunger with any one of those vegetables* ! 

It will be in vain to urge, in opposition to the 
foregoing position, that custom in particid^ in- 
stances renders many things tolerable, and even 
pleasing to the taste, wliich at tirst were dift- 
gusting ; for it would be found that in such in- 
stances custom has arisen from necessity, which 
1 brings us acquainted with strange com- 

■ On maiiy occauom, liaweverj pungent, or aromatic mb- 
titances, as garlic, mustard, and spices, ndded to food cMimpan- 
tively of little flavour, as rice, &c. moke it more polutoble, and 
more eaaity digestible. 
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nions ; or from a depraved taste. None have 
ever conBented voluntarily to feed on the flesh 
of horses, or of ravens; and caviare viW always 
be formre to the multitude. 

Next in importance to those vegetable species 
which either afford the material of bread, or an 
equivalent for it, may be classed (hose which 
contribute partly to the nourishment of man, and 
partly to his health and solace. The human sys- 
tem certainly may be, and too often from neces- 
sity absolutely is, supported solely on the nutri- 
ment afforded by the former species: but if we 
view the actual state of society, we find that 
many vegetable species and products may now 
properly be classed among the necessaries of 
life, which for many ages remained either un- 
discovered, or were only locally known, or 
sparingly employed ; of which it will be quite 
sufficient to mention teaJ', and sugar, and the 
potato. The sugar cane has for such a length 
of time usurped the prerogative of supplying the 
world with sugar, that other sources have been 
little considered: but even in cold climates there 
are plants capable of affording it in considerable 
quantities. There is, for instance, a species of 
maple cultivated in North America for the sake 

y During five yenre, beginning with 1826, about one bundred 
and fifty million pounds of tew were sold at the Gsist India 
House, tbe nv(;rage annual cnnsunijitiou being, according to the 
».'fmoeding statement, thirty niillion pounds. 
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of the sugar obtained from its sap, which 
capable of returning a very great profit to itft 
ciihivator ; of which the following document, 
copied from a note l>y Dr. Huuler in iiis editioa 
of Evelyn's Sylva, is a sufficient proof; there. 
being no reason to suspect any fraud*. It ia- 
added in the same note, that a single family^ 
consisting of a man and his two sons, on th^. 
maple-Bugar lands betweeu tlie Delaware aod^ 
Susquehannah, made 18(H>lbs of maple sugar ini, 
one season. The whole note, consisting of eigh( 
closely printed quarto pages, which appears t(f> 
have been furnished by Dr. Rush of Pennsyl- 
vania university, is well worth the perusal". 

If we consider the subordinate wants of thei 
animal economy, we must in reason allow th^ 
those succulent fruits aud vegetables, which ar^- 
abundantly produced in almost alt parts of thet. 
world, are destined by Providence for an im- 
portant end with reference to the food of man. 
The very form and arrangement of our 4eeth, 



* " Received, Cooper's Town, April 30. 1780, of W.C 
" sixteea pounds, for 640 pounds of (maple) augar, made with- 
" my oivn hondii, without any a.ssi.stance, iu lexs thun four weeluj 
" besides attending to the other business of my fivrm, a* provTd^ 
" ing fire-wood, taking care of the cattle, &c. 

" Witness R. Smith," ■' John Nichulb." 

Sij.VA,3d ed. by A. Hunter. York, jaoi.ToJ.i.p.190. 

■ The tree commonly called the sycamore, which is really a 
species of maple, yields a sweet Gap which has occasionally bees 
used to supply the place of malt in brewing. lb. p. SOO. 
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nd the stnicture of our stomach, shew, that our 
system is naturally adapted to a mixed food : and 
although those of our teeth, which resemble the 
corresponding teeth of carnivorous animals, are 
so little developed as to make it in that re- 
spect doubtful whether nature intended us to 
live on flesh ; yet our stomach, and the rest of 
our apparatus of digestion, aided moreover by 
cidinary preparation, certainly approximate us 
fully as much to the carnivorous as to the her- 
bivorous classes. It is obvious, moreover, that 
we have an ample array of teeth for cutting and 
grinding vegetable matter. This then being the 
case, we might antecedently expect that our na- 
tural taste would lead us to enjoy the flavour of 
vegetable, as well as animal food ; and that nature 
would supply us with a variety of the one as well 
as of the other ; for variety itself is salutary. 

And on this as on every occasion, we have an 
opportunity of seeing how Providence not only 
meets ail the wants of mankind, but meets them 
in such a way as their local situation requires. 
Thus wheat, which contains a more strengthen- 
ing principle of nutrition than the product of 
the paims and arrow-root, and is therefore better 
calculated to support the hardier efforts of the 
inhabitants of temperate or cold climates, will 
not grow readily in inter-tropical climates''; and, 
reciprocally, the palms and cognate plants of 

i'-Desfontaines, Flora Atlantica, toiii, ii. Appendix, p. 438, 
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inter-tropical regions cease to be productive, 
cultivated much beyond the tropics*^. And the 
orange, the lemon, the water-melon, the grap^ 
and the fig, which are easily cultivated in warm 
climates'*, by the abundance of their juice, are 
enabled botli to allay the sensation of present 
heat and thirst, and to repair the loss of that 
natural moisture of the body, which is continue 
ally passing from it iu Uie fonu of either sen- 
sible or insensible perspiration. Even in the 
temperate climate of our own island, how many 
days are there, during the summer, in which 
such fruits are most refreshing: and to gratify 
the desire of that refreshment we import such 
species as are capable of bearing a long voy- 
age; among which the orange is a very princt- 
pal article of import : nor would it be easy to 
calculate the myriads of that fruit which are 
annually consumed in this country. But tite 

<: Wern. Bltra. vol. v. p. 1 12. 

■' An interesting fact is related in the " Convtrsatious tin V(^e- 
" table Ph_vaiol<^" respecting an nrtificial mode of ripening the fig. 
" In hot olimHtes the lig-tree produces two crops of fruit: and 
" the peasants in the isles of the Archipelago, where the fig-tree 
" abounds, bring branches of wild fig-trees in the spring, whidi 
" they spread over those that are cultivated. These wild branchei 
" serve as a vehicle to a prodigious number of small insects of 
" the genus called tynips, which perforate the tigs in order to 
" make a nest for their e^a ', and the wound they iuflict acce- 
" lerates the ripening of the fruit nearly three weeks ; diw 
" leaving time for the second crop to come to maturity In <iM 
" Benson." (vot li. p. 41, 42.) 
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late fniit, the lemon, at the same time that, 

account of the grateful and aromatic flavour 

its juice, it is occasionally as eagerly sought 

the orange, serves a still higher purpose : for 

acid contained in it has been successfully 

"employed, as an antidote and a remedy for one 

of the most dreadful diseases to which mariners 

are subject. Sea-scurvy in fact has all but dis- 

ipeared since the general adoption of this 

iedy«. 

SECT. IV; 
Vegetables as applicable to Medicine, 
If vegetables are valuable on account of their 
power of affording sustenance and keeping the 
body in a state of health, they are also valuable 
on account of their power of restoring health 
■where it has been impaired : for, however scep- 
tical some minds may be as to the powers of 
icine in general, and however ignorant 
'en the most sagacious and experienced medi- 
practitioners may be as to the precise mode 
which any medical substance acts on the hu- 
constitution ; yet this at least is certain, 
in by far the greater number of instances. 



g [irobnblp that 6%sh vegetables of any kind are sufficieat 
ent or tii remove scurvy r for it Is stated in Sauer'a ac- 
uit of Billings's expeilitiun, tliat that disease disappeared, even 
so high a northeii latitude as the Aleutan islands, as soon as 
e new vegetation sprang up in April {p. 276) ; and manv other 
evidences of the same fact might be easily adduced. 
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certain symptoms which indicate a disturbed' 
state of the system are mitigated, and finally' 
subdued, in consequence of the exhibition, lo 
use a technical term, of certain reputed reme- 
dies. And it is open to the observation of al- 
most every one, that the vegetable kingdom ia 
the most fertile eource, not only of the com- 
monest and least eificient, but of some of the 
most powerful medicines with which we are 
acquainted. Nor can we doubt, when we 
similar effects resulting from the use of tlie 
same medicines in individuals of very different 
constitutions, that the peculiar qualities of those 
substances, with respect to the effects they pro- 
duce in the human system, were imparted to 
them by nature with a view to their applicationi 
to those ends. 

It may have happened to any one in the course 
of the last few years, during which intermittent 
fever or ague has prevailed very generally in 
this country, to witness the severe nature of some 
symptoms of that disease ; paroxysms of dread' 
ful rigour or shivering; nausea; intense head- 
ache, with delirium ; paralytic affections of the 
limbs; and burning heat of the whole body, 
terminating in profuse perspiration : and who- 
ever has witnessed such symptoms, recurring in 
the same individual at stated intervals, has pro- 
bably seen their return at once arrested by a 
few doses of Peruvian bark, in the state of 



It 
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'der; the effect of which remedy, in sub- 
duing a violent disease, compared with the 
small quantity of it employed for that purpose, 
has been not inelegantly though playfully il- 
lustrated by that passage of the Georgics, in 
which the husbandman is taught to allay the 
occasional contests and agitations of the bees, 

scattering a handful of dust among tliem. 

" Hi motus atque hacc ccrtamina tanta 

" Pulveris exigui jactu compressa quiescent." 
'And, if the vegetable kingdom had failed to af- 
ford any other medicinal substance than this, 
mankind would have still had ample cause for 
thankfulness. 

But, even in the instances of those remedies 
from which nothing beyond a present or tem- 
porary alleviation is expected, the benefit usu- 
ally accruing cannot easily be estimated at too 
high a rate : and one remedy there is, of this 
natiire, for which mankind is indebted to the 
vegetable kingdom exclusively. How often has 
not opium lulled the most excruciating agonies 
of pain ! how often has it not restored the balm 
of sleep to the almost exhausted body; or quiet- 
ed those nervous agitations of the whole system, 
the terrors of which none perhaps can duly ap- 
preciate but those who have experienced them? 
There are however diseased or unnatural states 
of the body, in which no direct remedy can be 
applied, and all soothing means would not only 
be ineffectual, but fatal : in such states those 
q2 
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substances, which are directly opposed in qna- 
lity to opium, and irritate instead of soothing 
the surfaces to which they are applied, are va- 
luable precisely on that account : they rouse 
the system, for instance, from a state of lethar^', 
which otherwise would probably terminate in 
death ; or they stimulate the stomach to reject 
any substance of a poisonous nature, which may 
have been either intentionally or accidentally 
introduced into it, and they thus contribute to 
the preservation of life. Remedies of this cha- 
racter, though not exclusively belonging to the 
vegetable kingdom, are frequently aftbrded by it, 
But, in enumerating the medicinal auxiliaries 
which mankind derive from the vegetable king- 
dom, let me not omit the restorative virtue of 
that gift of Heaven, which, though by its abuse 
it may intoxicate the mental faculties and un- 
dermine the general health of the body, is cal- 
culated most assuredly, when rightly used, not 
only to revive the drooping energies, but to re- 
kindle the almost expiring spark of hfe. Survey 
the wretched subject of what is called typkus, 
wliile oppressed by those symptoms which justify 
the use of this restorative; when the glazed eye 
and squalid skin, the feeble circulation and mut- 
tering delirium, announce the near approach of 
death, unless the proper medicine be interposed; 
and then watch the beneficial effect of this 
divine remedy. They who have witnessed the 
progress of typhus fever in some of i ts formfli 
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1 in individuala who have lived in crowded and 
iil-ventilated habitations, will acknowledge that 
in very many instances wine alone has, humanly 
speaking, rescued the patient from the grave. 

Nor will it be irrelevant to the general subject 
of this treatise to consider the natural origin of 
wine : by which I mean, not the mode or time 
of its discovery ; either of which it would be as 
useless as vain to attempt to investigate, since 
this liquid was in common use at a period long 
antecedent to history: but by its natural origin 
I mean the circumstances under which it is 
usually produced. There is a law in nature, by 
which organised bodies, vegetables as well as 
animals, are disposed to undergo spontaneous 
decomposition very soon after tliey have ceased 
to live ; the ultimate result of which is, a resolu- 
tion into their elementary principles ; in other 
words, they putrefy and perish. But even in 
this state, in which they are deprived of all their 
former properties, they administer to the good 
of man ; and, under the name of manure, are 
known as the principal means of fertilizing the 
ground ; from whence all his food is ultimately 
obtained. The circumstances, however, which 
accompany this change in vegetables, differ very 
much from those which attend the corresponding 
change in animals ; and may be well illustrated 
by a reference to the process of nmking any 
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If a sufficient quantity of the juice of ripe 
grapes, or of any other saccharine fluid, be eX' 
posed to a moderately warm temperature, an in^ 
ternal movement of its particles soon begins to 
take place ; which is technically called fermen- 
tation: and during the period when this is going 
on, the sugar of the liquor is, in part, converted 
into wine. If the fermentation be now arrested 
by the proper means, the whole mass of the li- 
quid may be preserved in nearly the same state 
for a longer or shorter period, in proportion to 
the quantity of wine contained in it: but if. after 
the vinous fermentation, as it is called, has been 
completed, the temperature be to a certain de- 
gree increased, the wine is converted into vi- 
negar by a continuance of the process of fa^ 
mentation : and, ultimately, the acid taste and 
odour of the vinegar are lost; and the whole 
mass of the liquor becomes first vapid, and then 
putrid. 

That such a process as putrefaction should 
take place in organised bodies after their death, 
might in reasoning be antecedently expected ; for 
the purpose of administering to the growth of 
their successive generations in the case of vegeti 
bles'; and to prevent the indefinite accumulation 

' " Haud igitur penitus pereunt quiccunque videntut ; 
" Qurind«;alid ex olio reficit Natura, iiec ullani 
" Rem gigiii putitur, nisi morte ndjutam idiona." 

LucRST. I. 363—5. 
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_of SO much dead and useless matter in the case 
r animals : but we could not have anticipated, 
(lat, while animal matter at once passes into a 
ate of putrefaction, vegetable matter should 
eviously pass through two intermediate states; 
pcompanied with products which in their na- 
tre differ both from each other, and from the 
jBurce from which they were derived : both, 
lowever, as we might very reasonably expect 
mm tlie known wisdom and beneficence of the 
Iteator, of the highest importance to mankind. 
I From wine, to say nothing of the advantages 
!8ulting from its proper use in its common 
ate, is derived that useful fluid called alcohol, 
t spirit of wine : among the most valuable pro- 
perties of which, may be ranked its power of 
llBsolving resin, and other vegetable principles ; 
od of preserving organised matter from the 
Utrefactive process. In consequence of the for- 
liier power, it is employed to extract from va- 
"'rious vegetables some of those parts in which 
their medicinal virtues reside ; and to preserve 
_them in a convenient form for immediate use, 
any moment, under the technical name of 
tctures. And with respect to its importance 
i a preservative of animal and vegetable mat- 
, but particularly of the former, I need only 
oint out any one of those collections of anato- 
lical preparations contained in the museums 
r every medical school in Europe. But if any 
a 4 
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single instance of its applicutioii to this purpose 
be demanded, who can hesitate to name that 
astonishing proof of the genius and industry of 
the great English physiologist, John Hunter, 
the founder of the Collection preserved in the 
Royal College of Surgeons ? on the pedestal of 
whose bust, placed within the walls of the mu- 
seum of that college, might well be inscribed, 
as I believe has been often suggested, those 
appropriate words. 



" Ciijus monunientui 



([uwras, tirciimsjHCif- 



SECr. V. 
VegcUiblfs as applicable to Ike ArU, ^c. 
In considering the application of natural sub- 
Btances to the various purposes of life, it is often 
interesting to compare the simplicity of the 
original contrivance with the complicated ma- 
nipulations of the process by which, at the 
present day, a material, destined for a specific 
use, is brought into a fit state for that use- Let 
fine writing-paper be taken as an instance ; and 
let us compare the history of a piece of such 
paper with that of the simple material on which 
many Oriental manuscripts are written — the mere 
leaf of a tree, probably some species of palm, — 
which after having been cut into the requisite 
-size and form, seems to have undergone no other 
preparation than simple pressure ; partly with 
the view of forcing out its natural moisture, and 
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rtly of smoothing its surface. How different the 
history of the paper that is daily fabricated in 
any of llie large manufactories of this country ; 
and how little would its origin and numerous 
changes of state be conjectured from its present 
appearance ! Heaps of linen rags of every co- 
lour, when indeed that colour can be distin- 
guished through the dirt which adheres to them, 
are brought from almost every quarter of Eu- 
rope ; each rag having probably been part of 
some article of dress, which, as it grew viler by 
vise, passed from a more to a less respectable 
possessor; till it at length became the tattered 
and threadbare covering of the poorest men- 
dicant. 

From such a material is the finest paper 
made : and, in the commencement of the pro- 
. cess, each individual rag undergoes an examina- 
tion with respect to its size, and is cut into two 
or more pieces according to that size. Separate 
heaps are then mechanically shaken together, 
and sifted, in order to clear them from adhering 
dust : tiiey are subsequently washed, mechani- 
cally divided into small shreds, bleached, then 
thrown into vats of water, and there reduced to 
a fine pulp by the application of powerl'ul ma- 
chinery. This pulp, by very delicate yet simple 
means, is kept in a state of close and equable 
diffusion over an even surface, and is made to 
a between successive pairs of smooth metallic 
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cylinders; all of which, by pressing out the 
moisture of the pulp, bring its particles more 
closely together, and thus tend to give it the 
requisite degree of firmness and cohesion ; the 
last pair being heated sufficiently to dry the 
paper during its passage between them. 

Such are the numerous and elaborate pro- 
cesses, by which a heap of sordid rags is con- 
verted into the beautiful material of which we 
have been speaking. And if, to the accumu- 
lated processes to which eacli rag is submitted 
during its fabrication into paper, be added its 
previous history, as the cultivation and subse- 
quent dressing of the flax of which it was made, 
the formation of the fibre of the flax into thread, 
the weaving of the thread into linen, and, in the 
majority of instances, the dyeing of the linen ; 
if all these points be collectively considered, 
what food for a reflecting mind does not the 
minutest particle of the resulting paper af- 
ford ! 

Many plants are capable of yielding a colour- 
ing matter, which by chemical means may be 
readily made to combine with various sub- 
stances, as linen, woollen, silk, and leather. This 
property, which sometimes resides in the stem 
and branches, sometimes in the leaves and 
flowers, may he classed among those properties 
of plants, which, if we consider tiie actual state 
of society in all the civilised parts of the world. 
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productive of the greatest advantage to 
mankind. Hence, for instance, has arisen an 
art, the art of dyeing, which not only opens a 
wide field of employment to a numerous class 
of workmen, in every large city; hut givea a 
degree of activity to general commerce, which 
cannot but surprise the mind of any one pre- 
viously ignorant of the circumstance. Thus the 
quantity of indigo, accumulated in the exten- 
sive repositories of the East-India company, is 
frequently so great as to make the occasional 
observer wonder that it should ever find a mar- 
ket : and the following statement will shew how 
important this single substance is as an article 
of commerce. During the last five years, the 
quantity of indigo imported into London amounts 
to at least one hundred and twenty thousand 
chests ; the average weight of the contents of 
each chest equalling 270lbs, and the average 
price of each pound being five shillings. The 
estimated value therefore of the indigo con- 
tained in the 120.000 chests would be rather more 
than eight millions sterling. 

If I am correct in supposing that blue, red, 
and yellow, are the colours most abimdantly 
supplied by vegetables, it cannot fail to strike 
a mind of the least reflexion, that these are 
precisely the elementary colours which a dyer 
would have antecedently selected, in order to be 

abled to practise his art to the greatest ad- 
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vantage; since from these three, all oUier co- 
lours or tints may be obtained. And with re- 

I Spect to black, which must practically be con- 
sidered aa a distinct colour, though not ad- 
mitted as such theoretically, it is worthy of ob- 
servation, that, although scarcely any vegetable 
substance yields it directly ; yet, by the inter- 
vention of almost any form of iron, and this 
metal is in some shape or other present every- 

) where, it may readily be produced from a very 
numerous class of vegetable substances. In al- 
most every instance where a vegetable sub- 
stance has an austere and bitter taste, it will 
with iron give a dye of a black colour. Thus 
the bark of the oak, and of many other trees, 
and that vegetable excrescence called the gail- 
Hut, produce an ink by the addition of any 
saline form of iron. 

From the earliest and least civilised times, 
and through every intermediate stage of society 
to the present period of refinement, the produc- 
tions of the vegetable world have been in con- 
stant request for the most common purposes of 
life. The simplest dwellings not -only of the 
uiiinstnicted savage, but of the peasantry of 

I many parts of modern Europe, are constructed 
almost entirely of wood ; the simplest imple- 

I ments of husbandry, the plough, the spade, and 
the hoe, could hardly be employed without the 
ftid of a wooden frame-work or handle : and the 
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same observation holdB good with reference to 
the tools of the most necessary arts of life. How 
great would be the inconvenience, and how in- 
creased wonld be the labour of the carpenter, 
or the smith, or the mason, if, instead of wood, 
the handles of his implements were of iron ! Nor 
are substances of vegetable origin of less im- 
portance, or less generally employed, in many 
of the higher arts of life. Examine the stnic- 
tnre of a man of war — its hulk, of oak ; its masts, 
of fir ; its sails and ropes, of flax ; its caulking, 
of tow and of tar. All is of vegetable origin from 
the top-mast head to the keel itself. With the 
exception indeed of the iron which is occa- 
sionally used in the construction, no metallic 
substance is necessarily employed ; for the cop- 
per sheathing, though highly useful, is certainly 
not necessary. 

It would require volumes to describe all the 
economical uses to which vegetables are ap- 
plied. How many important trades arise from 
this source. How many families, now existing 
in opulence, originally derived their surnames 
from their occupation, and that occupation con- 
nected with vegetable materials ; for instance, 
Cooper, Carpenter, Dyer, Tanner, Turner, 
Wheeler, Weaver, Barker, Hayward, Gardener, 
Cartwright, Miller, Fletcher, Bowyer! 

And then, to answer the various purposes to 
tiich they are to be applied, how widely do 
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the qualities of diflferent vegetable productions' 
differ from each other! How well the rigid 
fibre and compact texture of the oak enable 
tiie bulky vessel to resist the buffeting of the 
waves ! The ash, the beech, the fir, the yew, 
each has those appropriate qualities which make 
it individually preferable to the rest. The flexi- 
bility of the hemp and flax renders them capable 
of being woven and formed into sails and cord- 
' age ; and, exposed as the sails and rigging are 
to the vicissitudes of the weather, how well are 
they protected by being covered over with tar, 
itself of vegetable origin ! 

Some woods very readily split with that regu- 
larity of surface which we observe in common 
laths; and of the utility of that kind of material 
in almost every kind of building no one can well 
be ignorant. Other woods, as the willow, very 
readily bend, with a considerable degree of elas- 
ticity, in every direction ; and hence are of value 
in the fabrication of what is known under the 
general name of wicker-work^. 



B The art of making wicker-work is often aucceitsiiiUf culti- 
VAted at a very early period of civilization. Thus, in tlie neigh- 
bourhood of Cttlifomia, some of Captain Beechey's officers were 
supplied with "water brought to them in basketSj which the 
" Indians weave so close, that, when wet, they become excellent 
" substitutes for bowls." (Beechey's Voyage, p. 385.) And we 
know that, not long after the conquest of Britain by C«eaar, the 
ornamental wicker-work of the natives wob highly priied at 
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this department, again, though not to the 
same extent as in the case of some of the metals, 
is seen the etTect of human labour in advancing 
the value of the original material. Compare, for 
instance, the mercantile value of a piece of fine 
lace with the original value of the material of 
which it is made. 

There are many plants, which, though they 
neither produce fruit of any value nor are ca- 
pahle of being applied to any of the common 
purposes of the arts, are yet of the highest value 
as a natural defence to cultivated lands against 
the incursions of cattle ; and sometimes even 
against the attacks of disciplined troops. 

The quickset of our common hedges is an in- 
stance of the former application ; and of its uti- 
lity in this country no one can doubt, unless he 
happen to live exclusively in those districts, as 
in certain parts of the Cotswold and siuiilar 
ranges of hills, where stone sujiplies a more 
ready material for a fence. Of the extent of 
its application, it would not be easy to make 
a correct estimate : but, when we consider how 
many public roads, and how many private enclo- 
sures are bounded by a fence of quickset, it be- 
comes probable that the linear extent of hedges 
of this kind is, in England alone, equal to many 
times the circumference of the whole earth. In 
describing one of the most important fortresses 
ill the Deccan, captain Seely, in his account of 
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the temples of Ellora, states that the town, 
which stands about 1020 yards from the fort, 
is surrounded by a hedge of prickly pear, neariy 
eighteen feet high, and thick in proportion. 
This natural defence around towns and villages 
on the western side of India is very common ; 
and it offers to a predatory body of horse or foot 
a formidable barrier : for the sharp and long 
thorns, which project from the stem and leaf, 
not only act as an immediate defence ; but, if 
broken off, they exnde a liquid which often pro- 
duces severe inflammation^. 

In a part of Normandy, lying between Caen 
and Falaise, is a district called " Le Bocage" 
(petit bois), which " derives its name from the 
" high and bushy hedges with which it abounds ; 
" and which are designed to afford shelter from 
" the stormy vrinds of the Atlantic. There are 
" but few trees in those parts ; but the hedges, 
" being from eight to ten feet in height, are suf- 
" ficient to protect the crops from the boisterous 
" sea-breezes : and they thence bear the name 
" of brise-vetit'K" 

The last point in the history of vegetablea 
which I propose to consider is their application 
as fuel ; and many nations entirely derive theu" 
supply of fuel, for culinary and other domestic 
purposes, from the vegetable kingdom alone : 

h P. 632. 

i Conversations on Vegetable Physiology, vol. ii, p. 232. 
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iid even where such a supply is in a great 
measure needless, on account ot' the abundance 
of coal, yet, for many purposes, various forms of 
wood, either in a recent or in a charred state, 
are preferred, on iiccouut of the injurious effects 
arising from tlie sulphur with which coal is 
usually contaminated ; in the heating of bakers' 
ovens, for instance, in the drying of malt, and 
in numerous processes of the arts. Around the 
shores of the Arctic Ocean, where scarcely any 
traces of native vegetation are observable, the 
inhabitants are amply supplied by drift-wood 
(Sauer's account of Billings's Expedition, p. 
10.4 — 25i*}. And captain Beecheysays,that drift- 
wood is to. the Esquimaux what forests are to 
us ; being in such abundance and variety, that 
the inhabitants have the choice of several sorts 
of trees. All this drift-wood about the mouths 
of rivers, on the north coast of America, appears 
to be brought down by those rivers from the in- 
terior of America : but from the occurrence of 
many floating trees to the southward of Kam- 
chatka, and from other circumstances, it is pro- 
bable that much of the drift-wood, found at a 
distance from the mouths of rivers, comes very 
far from the southward {p. 575 — 580). 

Nor does the benefit, arising from vegetable 
forms of fuel, terminate with their consumption. 
The residuary ashes are useful, as a manure for 

s land, on account of the alkaline matter which 
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they contain : and that alkaUne matter is also 
to many a poor peasant a substitute for soap ; 
the lixivium, or ley. which may be obtained by 
filtering water through the ashes, owing its de- 
tei^ent quality to the alkali which it has dis- , 
solved in its passage. In those parts of the ! 
world indeed, as in North America, for instance, 
where it is requisite to clear the land of wood, 
for the purpose of bringing it into cultivation, 
the ashes of the forests, which are necessarily 
burned for this purpose, aflbrd an enormona 
quantity of alkaline residuum ; and this is the 
source of much of that alkali of commerce, 
which, from liavinf; been obtained by evapora- 
tion of its solution in iron pans or pots, is com- 
monly known under the name o( potash. 

That other alkali of commerce, called soda, is 
derived from a similar, though indeed a much 
more humble source ; for, in this case, the al- 
kali docs not result from the combustion of 
stately and aboriginal forests, but from the com- 
bustion of heaps of sea-weed ; which, in various 
parts of the coast of Europe, has been collected 
from the surfaces of the adjoining rocks'*. 

'' Id some instances loose stones are iutentiooaUj placed on 
the sea-beach for the purpose of affording a sabstratunt for tlie 
growth of various seo-plantit, which attach themselves to th« 
stones so placed. 
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CHAl'. IX. 
AdaplatioH of Animals to the Phifsiral CoaditioH 

^^ of Man. 

^^ SECT. 

General Obncrval'tons on ilte Auhnnl Kui'^Ioih. 
THE same remark may be made with regard 
to the general utility ol' animals, which has been 
made in tlie case of vef^etables: for we have 
sufficient reason for believing;, that, among the 
myriads of species of animals which exist upon 
the face of the earth, there is not one which 
does not act an important part in the economy 
of nature'. And yet, if it be correctly stated 
that out of aiwut a hundred thousand species of 
animals, the number supposed to have been 
hitherto discovered, eighty thousand are of the 
class of insects'"; it will be evident that the 
mass of mankind is ignorant of the very exist- 
ence of nearly four fifths of the whole animal 
kingdom : for, with the exception of the fly, tlie 



' It is tlie opinion of Mr. Scoresby, (Account of the Arctic 
RegioiiH, vol. i. p. 179, 180,} that the olive-green colour of the 
water, observable in many parts of the Greenland sea, is owing 
to the presence of mimberless quantities of very small medusas 
and other minute animals. " These smalt animals," he says, 
" apparently afford nourishment to the sepjsa, actinium, and other 
" moUusca which constitute the food of the wliale; thus pro- 
" ducing a dependent chain of animal life, one particular linlt 
" of which being destroyed, the whole must necessarily perish. 

* The number is probably greater. 
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bee, the wasp, the ant, and perhaps ten or 
twelve more species, few but professed natu- 
ralists are acquainted with the specific differ- 
ences of this class of animals ; so small are they 
in size, and so apparently insignificant to a 
common observer. But, if we liave reason for 
believing that not a single animal species exists 
without its use in the general economy of na- 
ture, we have a certainty that there are many, 
the absence of «Iiich would be almost incom- 
patible with the continuance of tlie existence of 
the human race. If, for instance, the duties of 
the shepherd and herdsman could no longer be 
exercised, in consequence of the extinction of 
the two species of which they have now respect- 
ively the care, into what misery would not the 
population of a great part of the world be 
plunged, cut off at once from some of the mo«t 
substantial forms of animal fiHHl, and the most 
general and effectual sources of clothing! 

And, if we consider tlie subject in another 
point of view, how fitly are the natures of these 
Bpecies, from the individuals of which such im- 
mense advantage accrues to man, accommodated 
to that end ! If, for instance, the sheep and the 
ox were carnivorous, instead of herbivorous, how 
could the species be preserved : or, supposing 
for a moment that a sufficient quantity of ani- 
mal food could be procured for them, under 
that supposition how could it be conveniently 
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Kstributed to the flocks and herds scattered 
*er a thousand hills; which now, without any 
■Sonsefjuent trouble to the shepherd or the herds- 
tan, leisurely crop the grass, as they slowly 

■averse the surface from their morning to their 
rreiiing range of pasture. 

Let us suppose, again, that the horse were to 

«onie extinct. In tliat event how greatly 

tould be in a moment altered the condition of 
he whole civilized world ! for by what other 
taeans could there be kept op that general com- 
bunication, between distant parts of the same 

npire, the rapidity and facility of which contri- 
ttte at the same time to national prosperity, 
nd to individual wealth and comfort; since 
fcat recent invention, the steam carriage, though 
epable of auppi^-ing the place of horses along 
lie course of regular roads, would be inappli- 
table in most other situations? Consider, again, 
he position of contending armies, whose fate 
ften is determined by the evolutions of united 
quadrons of this noblest of all the inferior ani- 
iBals; and sometimes even by the speed of the 
^dividual charger whose rider conveys the com- 
\atid which is to determine those evolutions : 

, to descend into the less important though 

wt less interesting scenes of domestic life, let 

imagine, what we may perhaps have wit- 

ed, the ecstasy of an afflicted parent, who 

i been enabled by the speed of this all but 
D 3 
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friend of man to reach the couch, and to re- 
ceive the dying embraces of a beloved child ; 
or to obtain those means of human aid, which 
haply may have averted the stroke of impend- 
ing death. 

But in this, as in many similar instances, we 
can at once perceive (what we may always in 
reasoning presume) that an alteration in the 
constitution of any department of nature would 
be incomi)atiblc with that harmony of the whole, 
the existence of which is evident to all those 
who are capable of observing and interrogating 
philosophically the phenomena of creation. And 
if it should be said that some species of animals 
have actually become extinct, and others are 
gradually becoming more and more rare ; yet, 
in such instances, we shall find the fact to be 
either the result of a providential adjustment, if 
the expression may he permitted ; or, of the ori- 
ginal rarity of the species themselves, as in the 
case of that uncouth bird the dodoi>; or, as might 

" It is not without retMon that the epithet vncnulk lias been 
applied to the dodo; for two distinguished iiaturalistfl, in their 
day, mainbuiied for many years that Buclt a form had never ex- 
isted, but in the imagination of the painter. One nf these ia- 
diriduala however at length had an opportunity of tnspectiog 
the well-known specimen of the head of the dodo, which ia pre- 
served in the Ashmoleau Aluaeum at Oxford ; and was then coo- 
vinced that such a bird had existed. But so far was he frooi 
produ[?ing the same conviction in the mind of his friend, by the 
devcription of the apeciuien, that he incurred the charge of wi 
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5ibly happen, with respect to that still more 
remarkahle animal of New Holland, the orni- 
thorhjTichus paradoxus : in each of which in- 
stances the locality of the species appears to 
have been always extremely limited. 

On the other hand there are species of ani- 
mals, which, though so minute, and so far re- 
moved from common obseiration, as to be 
scarcely known to mankind at large, much less 
employed for any useful purpose, would yet be 
productive of great inconvenience were they 
permitted to increase indefinitely : and hence, 
although they may perhaps previously accom- 
plish some important end in the scheme of na- 
ture, they are destined to be the food of other 
animals, which, being much larger than them- 
selves, necessarily consume them in great quan- 
tity. There is hardly a bird, or a reptile, or a 
fish, the contents of whose stomach would not 
bear witness to the truth of the assertion just 
made ; and even among quadrupeds there are 
many species, as the mole, the hedgehog, the 
manis, and the ant-eater, which, from the na- 
ture of Iheir food, are grouped into a distinct 
family, called insectivorotis. 

intentinnul ileceplinn ; anil the rusult ivos, that oii iDtenninabIc 
feud arose Iwtwemi them : for though they were attached to the 
same inxtitiition, and lived withiu its walls, (not indeed without 
other coiiijMiuuiis, or absolutely under the same roof, as their 
prototypes in the Eddyatone light-house,) they never ngnin 
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Geographical Dhtr'tbutton of Animals. 
Among the strongest evidences of an inten- 
tional adaptation of the external world to ihe 
physical condition of man, may be classed the 
geographical distribution of animals, taken in 
fwnnexion with certain points in their general 
history. Thus the elephant, which lives ex- 
clusively on vegetable food, is found naturally 

' in those climates only, where vegetation is so 
luxuriantly abundant as easily to meet the large 
supply, which numerous individuals of such 
enormous bulk, require : and tlien the tracta- 
bility and docility of the animal are such, that 
its amazing strength may be easily directed to 
forward the purposes of man ; and often is so 
directed, in the conduct of military operations, 
I well as on various ordinary occasions : and 

I testly, tlie increase of the species advances 

' slowly; for, in by far the greater number of in- 
stances, only one individual is produced at a 
birth. Now had the elephant been equally 
adapted to colder climates, wliere vegetation is 
comparatively scant, tlie difficulty of supporting 

' the individual animals in such climates would 
have diminished the value of the species: oi", 
were elephants as intractable and indocile, as 
they are the reverse, what destruction would 
they not be continually dealing around them; 
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ness the scene which took place a few years 
since in a pubhc menagerie of London ; where 
a company of musketeers was introduced, in or- 
der to subdue a single individual of this ftpecies, 
which had become infuriated from accidental 
circumstances I Or, lastly, had the elephant 
been as prolific as the swine, (and it should be 
observed that they are branches of the same 
natural order,) how could the increased num- 
bers of individuals have been maintained, in the 
case of a species which is not naturally capable 
of emigrating to a diflerent climate? 



^SECT. III. 
The Camel. 
Of all animals, the camel perhaps is most 
exactly adapted both to those peculiiu* regions 
of the earth in which it i» principally, if not 
exclusively, found ; and to those purposes for 
which it is usually employed by man : to whose 
M'ants indeed it is so completely accommodated, 
and apparently so incapable of existing without 
his superintendence, that while on the one hand 
we find the camel described in the earliest re- 
cords of history, and in every subsequent pe- 
riod, as in a state of subjugation to man, and 
employed for precisely the same purposes as at 
the present day ; on the other hand, it does not 
apjiear that the species has ever existed in a 
wiid or indepaident state. 
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With scarcely any natural means of defence, 
and nearly iiBeless in the scheme of creation, 
(as far as we can judge,) unless as the slave of 
man, it forms a remarkable parallel to tlie 
sheep, the ox, and other of the ruminating spe- 
cies ; which are also rarely, if ever, found, but 
under the protection of man, and to that protec- 
tion alone are indebted, indeed, for their exist- 
ence as a distinct species. Let us compare then 
the form, and structure, and moral qualities of 
the camel, with the local character of the re- 
gions in which it is principally found; and with 
the nature of the services exacted of it by man. 

The sandy deserts of Arabia are the classical 
country of the camel ; but it is also extensively 
employed in various other parts of Asia, and in 
the north of Africa: and the constant commu- 
nication that exists between the tribes which 
border on the intervening sea of sand, could 
only be maintained by an animal possessing 
such qualities as characterize the camel — " the 
*' ship of the desert," as it has emphatically 
been called. Laden with the various kinds of 
merchandise which are the object of commerce 
in that region of the world, and of which a part 
often passes from the most easterly countries of 
Asia to the extreme limits of western Europe, 
and from thence even across the Atlantic to 
America, this extraordinary animal pursue-s its 
steady course over burning sands during many 
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rcesaive weeks. And not only is it satisfied 
with the scanty herbage which it (!;athers by 
the way; but often passes many days without 
meeting with a single spring of water in wiiich 
to shike its thirst. 

In explanation of its fitness as a beast of bur- 
den, for such desert tracts of sand, its feet and 
its stomach are the points in its stnicture which 
are principally calculated to arrest our atten- 
tion : and its feet are not less remarkably ac- 
commodated to the road over which it travels, 
than is the structure of its stomach to the 
drought of the region through which that road 
passes. The foot of the camel, iu fact, is so 
formed that the animal would be incapable of 
travelling, with any ease or steadiness, over 
cither a rough or a stony surface ; and equally 
incapable is it of travelling for any long con- 
tinuance over moist ground, in consequence of 
the inflammation produced in its limbs from 
the effect of moisture. It is observed, by Cu- 
vier, that these circumstances in its physical 
history, and not the incapability of bearing a 
colder temperature, account for the fact, that, 
while the sheep, the ox, the dog, the horse, and 
some other species, have accompanied the mi- 
grations of man, from his aboriginal seat in cen- 
tral Asia to every habitable part of the globe, 
the camel still adheres to the desert. 

jttd now observe how its interior structure 



252 ADAPTATION OF ANIMALS 

meets the difficulty of a region, where water is 
rarely found. As in the case of ail other ani- 
mnla which ruminate or chew the cud, the sto- 
mach of the camel consists of several compart- 
ments ; of which one is divided into numerous 
distinct cells, capable of collectively containing 
Buch a <|uantity of water, as is sufficient for 
the ordinary consumption of the animal during 
many days. And, as opportunities occur, the 
camel instinctively replenishes this reservoir; 
and is thus enabled to sustain a degree of ex- 
ternal drought, which would be destructive to 
all other animals but such as have a similar 
structure : nor is any other animal of the oH 
world known to possess this peculiar structure. 
But if we pass to the inhabited regions of the 
Andes in the new world, we there meet with 
several species of animals, as the lama, the 
yigogna, and the alpaca, which, though much 
smaller than the camel, correspond generally 
in their anatomy with that animal, and particu- 
larly with reference to the structure of the sto- 
mach: they resemble also the camel in docility; 
and, to complete the pandlel, they were em- 
ployed by the aboriginal inhabitants in the new 
world for the same purposes as the camel in 
the old. 

Of the two species of camel, the Bactrian and 
Arabian, the latter is that with the history of 
which we are best acquainted ; and though 
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there is reason to believe, that, whatever is said 
of the qualities of the one might with truth be 
affirmed of the other also, on the present occa- 
sion whatever is said is referable to the Arabian 
species". The camel, then, not only consumes 
less food than the horse, but can sustain more 
fatigue, A large came! is capable of carrying 
from seven to twelve himdred weigiit, and tra- 
velling with that weight on its back, at the rate 
of above ten leagues in each day. The small 
courier camel, carrying no weight, will travel 
thirty leagues in each day, provided the ground 
be dry and level. Individuals of each variety 
will subsist for eight or ten successive days on 
dry thorny plants ; but after this period require 
more nutritious food, which is usually supplied 
in the form of dates and various artificial pre- 
parations : though, if not so supplied, the camel 
will patiently continue its course, till nearly 
the whole of the fat, of which the boss on its 

" T!ie Bactrian species, which has two bosses on its back, is 
more pecMiliar tu Tartary and northern Asia. The Arabian, 
which has only one boss, is not confined to the country froiu 
which it is ua&ied, but is the itame species with that which pre- 
vails in northern Africa. As in the case of nil domesticated 
animals >he varieties of these two .species are numerous : and it 
is a variety of the Arabian species, of a small height, to which 
the ancients gave the name of dromedary, from its employment 
as a courier: but in the magniticent work of St. Ilil.iire and 
Curier, (Hist. Nat. des BJammif^es,) the teiro dromrdary is 
adopted, in a specific sense, for all the varieties of the Arabian 
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back consists, is absorbed ; whereby tliat pror 
tuberaoce becomes, as it were, obliterated. 

The camel is equally patient of thirst as of 
hunger : and this happens, no doubt, in conse-i 
quence of the supply of Huid which it is capable 
of obtaining from the peculiar reservoir con-t 
tained in its stomach. U possesses moreover a 
power and delicacy in the sense of smell, (to tliat 
sense at least such a power is most naturally 
referable,) by which, after having thirsted for 
seven or eight days, it perceives the existence 
of water at a very considerable distance : and it 
manifests this power by running directly to tlie 
point where the water exists. It is obvious that 
this faculty is exerted as much to tlie benefit of 
their drivers, and the whole suite of the caravan, 
as of the camels themselves. 

Such are some of the leading advantages de- 
rived to man from the physical structure and 
powers of this animal : nor are those advantages 
of slight moment which are derived from its 
docile and patient disposition. It is no slight 
advantage, for instance, considering the great 
height of the animal, which usually exceeds six 
or seven feet, that the camel is easily taught to 
bend down its body on its limbs, in order to be 
laden : and, indeed, if the weight to be placed 
on its back be previously so distributed, as to 
be balanced on an intervening yoke of a con- 
venient form, it will spontaneously direct il« 
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under the yoke, and afterwards transfer 
the weight to its back. St. Hilaire and Ciivier. 
from whom the substance of much of the pre- 
ceding account is taken, assert, that, if after 
having laid down and received the intended 
freight, the camel should tind it inconveniently 
heavy, it will not rise till a part has been taken 
off; and that, when fatigued by long travel, it 
will proceed more readily and easily if the 
driver sing some familiar tune. This however 
is a quality not peculiar to the camel. 

Considered only thus far in its history, the 
camel easily stands preeminent, as the most 
useful, among all the species of ruminating ani- 
mals, in the bodily or mechanical services which 
it renders to man ; it is almost indeed the rival 
of the horse, even when compared in a general 
point of view ; but more than its rival in its par- 
ticular arena, the desert. The reindeer assists 
the individual wants of the Laplander by con- 
veying his sledge over the frozen surface of the 
snow : and the ox, on a more enlarged scale of 
labour, is employed in some countries in plough- 
ing, or in the draught of heavy weights : but 
the came! was from time immemorial, up to a 
comparatively recent period, almost the sole 
intermedium of the principal part of the com- 
merce of the whole world. Thus the spices and 
other rich merchandise of tlie East, being brought 
he confines of Arabia, were conveyed on the 
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backs of camels across the desert, aud thence 
finding their way to tlie trading cities of Phe- 
nicia, while they yet flourished — and subse- 
quently, after their destruction or decay, to 
Alexandria — they were distributed over the coq- 
tineut of Europe ; enriching whole nations by 
the profits of the mere transfer: for thus Venice 
became not only the mistress of the Adriatic 
and Mediterranean, but in a measure the arbi- 
tress of the whole world — 

" And such she was ; —her daughters had iheir dowers 
" From spuiU of nations, and the c^hauAllvss Kast 
" Pour'd in her lap all genis in spnrUing diowers. 
" Iti purple was she tuIkxI, and of Iilt feast 
" Monarchs partook, and deem'd their dignity increasejp 

And when, in consequence of the discovery 
of the Cape of Good Hope, Alexandria ceasei 
to be the main em[K>rium of India and Europe, 
Venice declined in its riches and power ; aoi 
the Portuguese, the Dntch, and lastly the Eng- 
lish, acquired the political influence which Ve- 
nice had lost : so true is the observation of sir 
William Temple, that whatever nation is in pos- 
session of the commerce of India must neces- 
sarily have a preponderating influence in the 
aflairs of the whole world i. 

But, although the route by the Cape has in 

p Childe Harold, Canto IV. Stanza 2. 

1 For an account of the tnifBck between InJiti iind Europe, 
see Niebuhr, Ueacript. de I'Arabie. p. '2i6, &c. 
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great measure superseded that by Alexandria, 
the commercial intercourse carried on by means 
of the camel betweien opposite confines of the 
African and Asiatic deserts is still sufficiently 
extensive to make the importance of that ani- 
mal very considerable: so that even now, as 
ages and ages since, the riches of an individual 
are estimated by the number of camels he may 
possess: and he still uses his camels either in 
war, or for the transport of merchandize, or for 
the purpose of selling them '. 

But it vrould be found, upon pursuing the 
history of the camel, that, while under the point 
of view which has been just considered, this 
animal contributes more largely to the advan- 
tages of mankind than any other species of the 
ruminating order, it scarcely is inferior to any 
one of those species with respect to other advan- 
tages on account of which they are principally 

• 

r It cannot be considered an irrelevant^ and certainly not in 
itself an uninteresting digression^ here to observe^ that there 
WM a period in the commercial history of England, within the 
lart century even, when the horse served the purpose in this 
ialandv which the camel serves in Arabia and other parts of 
the world : and a distinct trade then existed, that of the packer ; 
the occupation of which was to make up bales of gpods in a 
form convenient for carriage on the back of the pack-horse ; 
and the trace of that mode of conveyance is still to be recog- 
nised in the sign oi many inns in those parts of England 
where that mode of conveyance was prevalent. The same mode 
of conveyance is still very extensively employed in the north, 
eastern parts of the Russian dominions. 

S 
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valuable. Thus the Arab oblains from the 
camel not only milk and rheese and butter, 
but he ordinarily also eats its flesh, and fabri- 
cates its hair into clothing of various kinds. 
The very refuse indeed of the digested food of 
the animal is the principal fuel of the desert; 
and from the smoke of this fuel is obtainet) the 
well-known substance called sal ammoniac, wliich 
is very extensively employed in the arts; and 
of which indeed, formerly, the greater part met 
w'th in commerce was obtained from this source 
alone, as may be implied from its very name". 

SECT. r\. 
Donextkation of' AnmaU. 
Nature has implanted a disposition in almost 
all animals to be domesticated by man ; and 
also a capability of becoming adapted to the 
various climates into which they accompany 
him ; and this disposition and adaptation neces- 
sarily extend the utility of these animals. There 
is, moreover, a consequent effect of domestica- 
tion which is obvious to the commonest ob- 
server ; and which extends still further the 
benefits arising from the practice. In a state 
of nature, almost all the individuals of the same 
species of animals have, at any given period of' 

* Ajiiniou or Ilaiiimiin, which is the tintne of thut part of the 
African dratrt situate to the west of Egypt, supplied formerly 
much of the wi! 
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iCir life, so close a resemblance to each other 
in form, size, and colour, that it is difficult to 
distinguish them at a little distance : but when- 
ever any species has been long domesticated, or 
subjugated to the dominion of man, we usually 
find a proportional variety in those points. In 
proof of tlie foregoing assertion it will be suffi- 
cient to make a comparison between wild and 
tame rabbits ; or between the domestic and wild 
cat; and to refer to the diflerences observable 
in all lliose animals which are constantly under 
the care of man, as the horse, the dog, and 
the ox. 

The alteration which is produced in such 
eases, and which depends partly on climate 
and food and general regimen, but still more on 
the intermixture of the iireed, is in many in- 
stances of the highest utility to man. Suppose 
for a moment that, in the case of the horse, any 
one of the existing varieties, the dray-horse for 
instance, or the Shetland pony, were from hence- 
forth to determine the permanent character of 
the species ; and observe what would be the 
consequence. What a waste of [mwer, and what 
an inconvenient increase of trouble and ex- 
pense, both with respect to stable-room and 
food, would there be in using the dray-horse, 
where the Shetland pony would be sufficient ; 
and, on the other hand, how ill would the Shet- 
land pony supply the place of the dray-horse, 
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where enorinouB weights were to be set 
■notion ! 

Again, in the case of the dog, were all other 
varieties of this most useful animal to be anni- 
hilated, and only one form to prevail, its value 
would be proportionally lessened. If no variety 
of the dog existed but the small spaniel or the 
terrier, the miserable inhabitant of the nortll 
could no longer travel over his native tracts of 
frozen snow: nor could the victim of Alpine 
frost ill Switzerland be hereafter rescued from a 
premature death, as he often now is, by the sa- 
gacity and strength of the mastitis of that regioili 
And, in another element, how many a life, which 
must have been otherwise lost, has been saved 
from a watery grave by the joint sagacity and 
powerful strength of the Newfoundland dog! 
What would the shepherd do without tlie assist- 
auce which he now derives from his faithful 
companion f Instead of that compact phalanx 
which we have often seen advancing over the 
distant downs, under the direction of tlie shep- 
herds dog ; and from time to time, in obedience 
to its intelligent commander, still altering its di- 
rection in advancing, as steadily as a ship in 
Bail obeys the helm ; we should see a confused 
and scattered multitude, which all the shepherd'8 
skill and activity could hardly restore to order. 

Nor let me be accused of inhumanity if I here 
instance the assistance which is given to man 



TO THE PHYSICAL CONDITION OF MAN. 261 

Dy those varieties of the dog which are princi- 
pally used in the chase. Those feeling;s, which 
would spare the inferior animals unnecessary 
pain, are ever to be respected in others and 
cherished in ourselves; as those feelings which 
delight in cruelty are to he abhorred : but un- 
doubtedly the desire of inflicting pain is not the 
incentive to the pleasures of the cliase ; and 
therefore, with reference to himself, tlie hunter 
is free from the charge of cruelty. With respect 
to the animal which is the object of the chase, 
the charge of cruelty is reasonably obvialeil by 
this highly probable consideration, that man 
can hardly inflict on the weaker animals a 
more cruel death than that, to which they are 
obnoxious by the very law of nature : for, ulti- 
mately, they will almost necessarily be hunted 
and destroyed by beasts of prey ; or, if you sup- 
pose them to die either of disease or of old age, 
what misery must they not undergo in enduring 
this latter period of their life ! In fact, unless in 
the case of acute disease, the occurrence of which 
in wild animals there is reason to think is ex- 
tremely rare, they must, through mere helpless- 
ness, perish by hunger. 

An ethical discussion is to be avoided on the 
present occasion ; and I shall only therefore ob- 
serve, that, with respect to the infliction of pain 
on the inferior animals, in the particular case 
r under consideration, the grand question is 
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the consequent effect on our own moral feelings'. 
If we are conscious that we are inflictins: pain, 
■we shall do right to abstain from what otherwise 
"Would be au innocent amu&einent ; for such ab- 
stinence will be a legitimate extension of the 
scriptural precept, " A righteous man regardeth 
" the life of his beast;" and if. by neglecting 
the suggestions of our original feelings, we have 
blunted the edge of the moral sense, doubtless 
we are culpable in a high degree. And this 
probably was the case in the gladiatorial exhi- 
bitions of antiquity; and is equally the case in 
the disgusting exhibitions of tlie bull-fight in 
Spain, and the more vulgar and not less dis- 
gusting spectacle of pugilistic engagements, or 
baiting of the bull, in our own country. But, 
omitting such palpably indefensible sports, it 
doubtless may be affirmed as a general truth, 
that the amusements of hunting or of fishing 
are not accompanied by any consciousness of a 
wanton infliction of pain. And, although the 
occasionally concomitant habits of such sports 
may eventually blunt the benevolent feelings of 
our nature, we have not the least evidence that 

' The same observtttioo is applicable to philosopbical txperi. 
tnents on living animals ; respecting experiments of which na- 
ture SUakspeure justly ubserveH, 

. . . . " Your highness 
" Shall from this practit'e but make bard your heart." 
Ctmbbi.. Act I. Sc. 6. 
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here is a necessary tendency in those amuse- 
ments to produce that lamentable effect. There 
then remains, in support of the propriety of such 
amusements, the arerument from the healthiness 
of the stimiihis which they communicate to the 
mind as well as to the body; thus invigorating 
both : while they act as a present recreation, 
which in some shape or other is required by all. 
But if the pursuit of smaller and weaker animals 
should appear objectiouable to any one, there 
still remain, in other countries at least if not in 
this, the wolf, the wild boar, and the tiger: and 
in subduing tliese, to which no one will probably 
object, the dog lends most effectual assistance 
to man. He is indeed of all animals the most 
undaunted and courageous. Mr. Burchell, who 
during his long residence in southern Africa had 
frequent opportunities of witnessing the charac- 
ter of this faithful guardian of mau, has asserted 
to the author of this treatise, that he has, again 
and again, seen the fiercest and strongest animals 
shrink from the defiance of the dog; but he never 
saw the dog shrink from tlie defiance of any 
other animal." 



" LiiiniBUa, in enumerating the characters of the lion, makes, 
by implication, a eomewhat similar ubaervation with rnijiect to 
the dog. " Leo esuriens prccilatur equis et aliis majoribuH 
^Animalibtu ; — cani/ms coercelur." (Linn. System. Gmelin. 

. p. 70.) 
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SECT. V. 
Animals as a Sourci of Food Jbr Man. 

Although the inhabitants of very warn) cli- 
mates live principally and often entirely on vege- 
tables; in the colder climates animal food usually 
makes a part of the daily sustenance of all who 
are not oppressed by poverty: and nature has 
not only provided amply for this want, but has 
afibrded the easiest means of supplying it. The 
disposition of those animals, which aiTord the 
great bulk of the supply that is required, as the 
sheep, the ox, and the swine, is such, that they 
are not only disposed to live gregariously, but 
are readily brought under obedience, so as to be 
inoft'ensive either to the person or property of 
man: and their docility in this respect is parti- 
cularly worthy of our attention, because, from 
the observations of M, Frederic Cuvier, (Mem. 
du Mus. torn. xiii. p. 419, 420), it appears that 
herbivorous animals are not, as is generally sup- 
posed, naturally more mild and tractable than 
the carnivorous; in fact they are by nature less 
mild and tractable. 

The flesh of all those species, which have been 
above mentioned, is, generally speaking, accept- 
able to the humau palate; and is in a great 
measure necessary to the support of those who 
are habitually exposed to great exertions and fa- 
tigue : but there are many occasions on which 
such food could not with any convenience be ob- 
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led, even by those to whom the expense is 
not a matter of any consideration. In situations 
for instance which are far removed from any 
town, there are very few, with the exception of 
the possessors of extensive landed property, who 
can be conveniently suppHed with animal food 
from their own flocks and herds : and in the 
case of the crews of ships, which are accustomed 
to make long voyages, it would be utterly impoa- 
aibie to find room in any vessel for such a num- 
ber of live animals, and still less for the food 
which those animals would require, as would be 
competent to supply the daily consumption of 
all on board. But in all these instances the dif- 
ficulty is obviated by the preservative quality of 
common salt ; for we know that, by the aid of 
salted provisions, fruarded by the regular use of 
vegetable acids, a ship's crew may be maintained 
in good health for an indefinite length of time. 

And then, with reference to the general ques- 
tion, tliere are almost all the herbivorous species 
of birds, together with the auxiliary supply of 
their eggs ; and those numerous species both of 
river and of sea fish, which contribute verj- largely 
to the support of the human race, not solely by 
affording food, but by affording a lucrative em- 
ployment to the fisherman, i omit the consi- 
deration of the turtle, the lobster, the prawn, the 
oyster, and a few other species; because the ag- 

igate consumption of such kind of food is com- 
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paratively small ; and those animals, as articles 
of food, may be considered rather as luxuries 
than necessaries. 

Of the animals which supply us with food, the 
flesh or muscular fibre is that part which is most 
acceptable to the palate : and it is worthy of coa- 
sideratiou that the flesh of those animals, of whose 
living services we stand hourly in need, as the 
horse and the dog, are so unpalatable that we 
are not tempted to eat them unless in cases of 
dreadful necessity. Many individuals however, 
through poverty, are content, and some by pecu- 
liarity of taste are inclined, to feed on the lungs or 
liver, or other of the viscera of animals. And mo- 
dern researches and experiments have taught us 
that even the bones may be rendered digestible, 
either by the effect of long boiling under a high 
degree of artificial pressure, as in the apparatus 
called Ptipin's Digester, or in consequence of 
the removal of their earthy basis by means of 
any convenient acid ; and we have also leantt, 
from similar sources, that common saw-dust, by 
certain chemical processes, may be made nutri- 
tious : but we may fairly argue, from the pro- 
visional care of nature, that mankind will never 
be generally reduced to such circuitous means 
of obtaining their necessary food. In the mean 
time we may console ourselves with the reflection, 
that in the event of any temporary or local diflS- 
culty, we may find a supply of food where ante- 
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idently to the researches above mentioned we 
should never have dreamed of looking for it. 
Vitnivius mentions, in speaking of the construc- 
tion of garden walks, that the fragments of char- 
coal, which were a common snbstratum of such 
walks, had occasionally afforded a most import- 
ant magazine of fuel in a protracted siege: 
and in such an emergency the bones of animaia 
might continue a aupply of food, after the tiesh 
bad been eaten. 

KSECT. VI. 
Mamifacture q/'Sul Ammoniac. 
Even in the present abundance of animal food 
B reftise is not wasted ; and all that is thrown 
aside, as unpalatable or indigestible, is subse- 
quently collected, for the purpose of obtaining 
a material, very extensively employed and of 
considerable value in the arts, known familiarly 
luider the name of sal ammoniac. Perhaps in 
the whole circle of the arts there is scarcely any 
process more interesting, if all the attendant 
circumstances be considered, than the fabrica- 
tion of this substance : and the interest princi- 
pally arises from this peculiarity in the nature 
of the process, that, among the numerous pro- 
ducts which are evolved in its different stages, 
there is scarcely one which is not sufficiently 
useful to prevent the necessity of its being 
own away. 
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Any one, who is in the habit of walking mucH 
in the streets of London, will frequently see 
Bome half-clothed wretched individual stooping 
down and holding open an apron, into which 
he throws from time to time pieces of broken 
bone and other ofl'al, which he has disengaged 
from the interstices of the stones that form the 
carriage pavement. The unsightly load thus 
obtained is conveyed to the sal ammoniac ma- 
nufactory ; and when a sutficient mass of bones 
has been accumulated from this and other 
sources, they are thrown into a cauldron of 
water, and are boiled for the purpose of clearing 
them of the grease with which they are en- 
veloped : which grease, subsequently collected 
from the surface of the water on which it tloats, 
is employed in the composition of soap. 

The bones thus cleaned are thrown into large 
retorts, siirrounded by burninfj fuel, and sub- 
mitted to the process called destntrtive distilla- 
tion ; whereby, in consequence of the applica- 
tion of a sufficient degree of heat, the matter 
of the bone is resolved into its constituent ele- 
ments, from which new compounds are formed. 
Of these, some pass ott" in the state of vapour 
or gas, while the fixed principles remain in the 
retort. 

Among the more remarkable products which 
pass oft" are carbonic acid gas, commonly known 
by the name ofjixedair; and various combina- 
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|pD8 of hydrogen and carbon, forming diflerent 
jinds of inflammable air; together with water 
(plding carbonate of ammonia (*«/( nj' hartshorn) 
1 solution; and a pecuHar oil. Of these pro- 
iBcts. the fixed air and inflammable air are 
isregardcd, and suflered to escape. The oil 
employed to feed lamps placed in small 
Jiambers, the sides of whicli become incrusted 
fith the smoke arising from the combustion : 
smoke being collected, becomes an ar- 
c\e of sale under the name of Imnp black; a 
obstance of considerable importance as the 
lasis of printing ink, Hlq. 

It would be tedious, and uninteresting to the 
[eneral reader, to describe all the intermediate 
\ of the process : and it is sufiicient for the 
"esent purpose to state that, towards the con- 
of it, two new compounds are formed, 
lamely muriate of ammonia and sulphate of 
; of which the sulphate of soda is separated 
by the process of crystallization, and is sold to 
tlie druggists under the common name of Giau- 
, ber's salt; and the muriate of ammonia, {sal am- 
WDfoiiiac,) the great object of the whole manu- 
icture, is finally obtained in a separate state 
r the process called sabliuuUion. 
The form of the bones, submitted to destrue- 
[ve distillation in this process, is not altered ; 
Lf&d the unvolatized mass, remaining in the re- 
ts, consists of the earthy and saline matter of 
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these bones, blackened by the carbon which i» 
evolved from their animal matter. Exposure to 
an open fire drives off this carbon, and leaves 
the bones still unaltered in form, but nearly 
blanched ; and these bones, subsequently re- 
duced to powder, and mixed with a sufficient 
quantity of water to give them the requisite 
degree of consistence, are formed into vessels, 
which are employed in the process of retining 
gold and silver. 

It was stated that, during the destructive dis- 
tillation of bone, the carbonic acid and inflam- 
mable gases are suffered to escape ; but of these 
the latter might be employed in supplying tight 
to gas burners ; and then, out of the numerous 
products of the complicated process which I 
have been describing, the carbonic acid would 
be the only substance not employed for some 
useful purpose. 



AnimaU as a Source i^Clothinff, 6fC. Jbr Man. 

The utility of many of those animals which 
supply us with food does not terminate in merely 
that adaptation of them to human wants. From 
the same animals we are supplied with clothing 
also (but this service, indeed, they render to us 
in common with various other animals which 
are unfit for food) ; and, according to the dif- 
ferent states of civilization in which mankind 
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cists, that clotliing is more or less artificially 
prepared. Thus while the African or Australian 
savage scarcely protects his body from exposure 
by a partial covering of leaves, or the inner 
bark of trees ; and the Esquimaux envelopes 
his body in the undressed skin of the seal which 
he has recently killed, supplying also the sepa- 
rate coverings of his head and feet and hands 
from the same source; the poorest peasant of 
any civilized part of Europe derives his clothing 
not only from one but many different species 
of animals ; to say nothing of those occasional 
parts of his dress which are obtained from the 
vegetable and mineral kingdom. The ox, tlie 
dog, the sheep, the beaver or the rabbit, and 
the silk-worm, in almost every instance contri- 
bute their direct contingent to the apparel of the 
humblest individual of Europe, who is not abso- 
lutely a mendicant : and, with reference to tlie 
dress and ornamental appendages of individuals 
of more elevated rank, to the animals already 
mentioned may be added the deer, the goat, the 
camel, the elephant, the ermine, and numerous 
other animals which supply the various and rich 
ftirs of commerce; the ostrich, and many other 
birds ; and even the tortoise, the oyster, and the 
puny architect of the more beautiful species of 
coral. 

Nor are the advantages which mankind derive 
from the animal kingdom, with reference to ge- 
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neral commerce and the arts and economicid 
purposes of life, of less importance tlian the 
foregoing. How many difl'erent substances, as 
leather, and parchment, and glue ; and wbat 
various instruments, either for common use, or 
ornament or amusement, are manufactured from 
skin and horn, and bone and ivory! With re- 
spect to the last mentioned of which subatances 
indeed, it is a highly interesting fact, that the 
world has not been supplied witli it solely from 
the two still existing species of elephant, but 
also, and in a very large proportion, from the 
extinct and fossil species. Under the name of 
licorne J'ossile, the tusks of the extinct species 
have for ages been an object of commerce in the 
Russian dominions: and M. Pallas deftcribes 
the abundance of these fossil tusks to be such, 
that they are foimd in every direction through- 
out the greater part of north-eastern Russia. 

If we only consider the amount of tlie con- 
sumption of wax and honey, of what importance 
is not that little insect the bee : and the same 
observation may be made with reference to the 
silk-worm and the coccineal ! 

Lastly, for it is necessary to bring the present 
subject to a close, what immense advantages 
accrue to commerce and navigation from llie 
traffick in even a very few species of fish, as the 
whale, the cod, the herring, and the pilchard 1 so 
great indeed are those advantages, that the ques- 
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tion of the right of fishery on a particular coast 
has sometimes been the occasion of involving 
the most powerful nations in expensive wars : 
for these fisheries, at the same time that they 
are a source of immense riches to individuals. 
constitute as it were a nursery for the hardiest 
race of sailors; and thus become of the highest 
importance in a national point of view. 



ten A P. X. 
\ptation of the external World to the Exercise 
oj the Intellectual Faculties of Man. 
SECT. I. 
On the Riae and Progress ofHwnan Knoickd^v. 
IN the prerednig part of this treatise the phy- 
sical character and condition of man were first 
considered ; and, afterwards, the adaptation of 
external nature to the supply of his bodily wants. 
It remains for us to consider the a<laptation of 
the various objects of the material world to the 
exercise of his intellectual faculties. 

But, in contemplating the connexion which 
exists between the external world and the exer- 
cise of the mind' of man, who shall attempt to 
describe the nature and boundaries of that yet 
unmeasured plain of knowledge, in which man 
is constantly either intellectually expatiating, or 
practically exerting himself? who, without wan- 
dering into the mazes of metaphysical specula- 
tion — always amusing in the pursuit, but never. 
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perhaps, BA.tisfactory in the result — ^who shall <ten 
velope the obscnre steps by which science firsli 
finds access to the mind? In reflecting indeed' 
on the state of civilized society during its earliefi 
periods, there is nothing more wonderfiil in tiiftl 
intellectual history of mankind, than the skilfiiii 
management of many processes in the arts, the 
true nature of which was not understood till ages' 
and ages afterwards. Thus, although zinc waai 
scarcely known as a distinct metal till about a« 
century since ; and, almost within the same pe-i 
riod, one of its commonest ores, calamine, was 
held in so little estimation in Great Britain that 
it was frequently used merely as ballast for ship- 
ping, (Watson's Essays, vol. iv. p. 6.); yet that 
same ore was used before the time of Aristotio 
for the purpose of making brass, and to that' 
purpose is principally applied at the ptescnt. 
day. The process also of making wine was 
kno'frn in the earliest periods of bistort-; al- 
thougli the principles on which it is produced 
were not well understood till a few years since. 

Another remarkable fact in the history of 
human science, which, though frequently ob- 
served, has not yet been explained, is the oc- 
casional arrest of its progress at a point imme- 
diately bordering on discoveries which did not 
take place till many ages subsequently". This 



n The substance uf the following note, tfiongli not dirtedy 3- 
IiistrotiTe of the BiiBjeCt now under ceiuideration, !s not irrelf. 
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mi^be ^firmed, in a certain sense at least, with 
respect to glass : for this substance, though very- 
early discovered, hardly came into general use 
for ordinary purposes till comparatively a very 
late period. But a more remarkable instance 
occurs with respect to the art of printing : and 
whoever looks at the stereotype stamps, as tliey 
may be called, which have been discovered at 
Uerculaneum, and otlier places, will be disposed 
to allow that the embryo of the art of printing 
died, as it were, in tlie birth ". 



vant to it; and is sufficiently curious in itself to justify its in- 
troduction to the notice of tlie reader. 

In Dr. Thomson's Annals erf Philosophy for 1817, p. 149. » 
an account of a paper rend at tbe Kvyal Society, telativt to boiqc 
experitnetits made on torpedoes at Hoclielle, in which it is statsd 
that, where torpedoes abound, boys ore in the hubit of playing 
the folloiving trick to those who are not in the secret. They 
persuade the ignorant boy to pour water in a continued •treora 
upon the torpedo ; and tlie consequence is, that an electriool 
shock is conveyed, along the stream, to the body of the boy. 

Plutarch notices the same fact in almost the same terms. "It 
" is nffirmed by those," he says, " who have often made the ex- 
" periment, that, in pouring watsr on a. live torpedo, tlie hand of 
" the person who is pouring the water wiJl be sensible of a shock, 
" which has apparently been conveyed through the water to his 

" liand-" 'Einoi ii ItrropoOirt, rrtipav iitT^t oriirXi'oii Xanffavovris, 
«p iKviir^ (aaa (Napioj, the Torjwdo) , lUTramthta'piiiim vioip SnaOm, 
oltrAbwu 001 ToiJ iraAii'c airarpixoiTOt «irl T^ X*'C'> "*^ '^'' "^fl* "f" 
ff^imyrot, iic !ouu, iia Tou viaroi Tpcirofii'vaii lal trpcnmTOf06ras. 

Plut. MoBALrA, Oxon. 4to, 1797, torn. iv. p. 643, 644. 
» A very interesting conjectural account of the origin and 
progress of the arts, and of social life, occurs in the last part of 
the fifth l>ook of Lucretius. 
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In order that the external world maybe iitted 
to the just exercise of our intellectual faciiltieet 
it is evidently necessary that its phenomena 
should be presented to our senses with a certain 
degree of regularity. This is a condition stt 
obTious to a mind capable of reflection, that we 
find it inculcated, almost in the same terms, by 
two writers of the most opposite views as to the 
causes of those phenomena. Thus Lucretim 
asserts, that the sun and moon, by the constant 
returns of their light and by the regularity of 
their course, afford to mankind an assurance 
that day and night, and the various seasons of 
the year, will recur not only in a definite order, 
but also for definite periods of duration*. And 
thus also, but in language and imagery more 
elevated, and with a sublime acknowle<Igraent 
of the cause, as well as a declaration of the fact, 
the author of the 19th Psalm affirms, that " the 
" heavens declare the glory of God, and the 
" firmament sheweth his handywork. Day unto 
'* day uttereth speech, and night unto night 
" sheweth knowledge." 

But it is also necessary to the just exercise of 
our intellectual faculties, that the senses of men 
in general should be similarly affected, when 
acted on by the same causes : for otherwise 
there would be no stability in our knowledge, 
as derived from these its most fertile sources. 

7 Lili. V. 97I~97», and N3.'i— )438. 
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And though, from a peculiarity in original con- 
stitution, or from the effect of disease, the een- 
sationa of particular individuals may differ, not 
only in degree but in kind, from those of the 
world at large ; the error is of no moment, since 
it may at once be corrected by a reference to 
the common sense of mankind. 

If any one should too curiously object that 
there can be no direct proof of a similarity of 
impression, from the same object, on the senses of 
men in general ; it might be answered, that nei- 
ther is there any direct proof to the contrary : 
while we have many antecedent reasons for be- 
lieving that there really is such a similarity of 
impression. The structure for instance of the 
several organs, of taste, smell, hearing, and 
sight, is essentially the same in all individuals ; 
and i\\e functions of those organs may therefore 
be presumed to be the same : and from the si- 
milarity of the natural expression of disgust, 
which peculiar odours and flavours usually ex- 
cite in numerous individuals, it cannot be rea- 
sonably doubted that their respective senses are 
similarly affected by those agents. 

If, again, any one should further object that 
we can have no absohitely tirm ground for a re- 
liance on the senses themselves, it might fairly 
be answered, that although, from the time of 
Pyrrho to that of Berkeley, there have been 
always spccnlativc sceptics with respect to the 



testimony of the senses, there probably has 
never been a practiatl sceptic on that point. 
It is stated in the Hfe of Pyrrho by DiogeneS 
Laertius, that though that philosopher asserted 
the nonexistence of matter, and pretended there- 
fore to universal indifference, he was sometime* 
overcome by hia feelings, and would then act 
other men act on such occasions; and, when 
reminded of the inconsequence of his conduct 
with reference to his doctrine, he would excuse 
himself by asserting, that it is difficult entirely 
to put off human nature, (to,- j^aAfiroy erij oXotrxfp^t 
tK^vnat aaSpiDViv): and it must be confessed that, in 
this apology, he offered the best comment on (he 
character of his doctrine. And most philosophi- 
cally does Lucretius'^ ai^e, in noticing the ap- 
parent modifications of form which bodies un- 
dergo, in consequence of being viewed at di^ 
ferent distances, that, although no satisfactory 
reason can be given of the real cause of the illa- 
sion, it is preferable to assign a false reason, 
rather than, by a consequent want of reliance 
on our senses, to overturn those foundations of 
all belief, on which our safety and life depend. 

We have seen, in the course of the foregoing 
inquiry, how extensively the various objects <tf 
the material world are applicable to the wants 
and conveniences of man in every stage of so- 
ciety ; and we cannot reasonably doubt that 

' LHi. IV. .'W2-.'il2, 



INTELLECTUAL F4CVLTIES. 27i^ 

ley were created for that, as a main purpose, 
pong others to wliich tliey are subservient- 
,ch at least was the conclusion of one of the 
eatest philosophers of antiquity; though un- 
ded hy the direct light of revelation. " For 
. purpose,'" asks Cicero, " was the great 
S|abric of the universe constructed? was it 
iiiuerely for the purpose of perpetuating the 
tyijriouft species of trees and herbs, which are 
tnot endued even with sensation? — the supposi- 
* tion is absurd. Or was it for the exclusive 
f.' use of the inferior animals? — it is not at all 
" more probable that the Deity would have pro- 
" duced so magniticent a structure for the sake 
" of bemgs, which, although endued with sensa- 
" tion, possess neither speecli nor intelligence. 
" For whom then was the world produced ? — 
'doubtless for those beings who are alone en- 
dued with reason." ("Sin quEPrat quispiam, 
|cujusiiam causa tantarum rerum molitio facta 
CBit: arborumneet herbarum? quee, quanquam 
Keine sensu sunt, tamen a natura sustinentur; 
lat id quidem absurdum est. An bestiarum ? 
I nihilo probabilius, Deos mutarum et nihil iu- 
Jelligentium causa tantum laborasse. Quorum 
Ejigitur causa quis dixerit efiectum esse mmi- 
Idum ? Eorum scilicet animantium quie ratione 
' utuntur^") Whether the earliest steps in the 
discovery of the arts of life depend on the effect 
",Cip.Mt! >lKt. l>eor. Ub. II. c. 53. 
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of divine inspiration, of which the subject of 
that inspiration is unconscious — to which sup- 
I position there does not appear any reasonable 
I objection — or whether they result from the im- 
I puUe of unassisted reason ; it would be fruitless 
' to inquire: but it is interesting to contemplate 
' the similarity of principle which ^enis to regu- 
late the discoveries of the useful properties of 
material substances'*. Man does not appear to 

'' The following passages, one from Vitruvius, the other from 
Cicero, are applicable on the prettent occasion. " The Deity haa 
" provided an abundant supply ia every part of the world for 
" the necessary wants of man ; anil has orilained thut that aup- 
" ply shall be easily attainable: whereas those things which are 
" to be considered in the light of luxuries, as gold and precious 
" stones, are rarely met with, and are procured mth difficulty." 
I {" Igitur divine mens, quie proprie necessnria essent gentibus, 
" non cunstituit diflicilia et cara ; uti sunt margaritir, cicteniqUB 
" qute nee corpus nee natura desiderat r sed sine qnibus morta. 
" liuni vita non potest esse tutn, elfudit ad manum parata per 
" omneci mundum." Vitruv, Prefat. ad lib. viit.) " In v«in 
" tiad nature created gold and silver, and copper and iron, un> 
" less she had at the same time instructed mankind how to dis- 
" cover the repositories of those metals. And, again, in vnin 
" bad the material been adapted to our wants, unless we nuder. 
'■ stood the method of obtaining it in a separate and perfect 
" state." (" Aiirum et argenlum, ses, ferrum, frustrn natura di- 
" vina genuisset, nisi eadem docuisset quemadmodnm ad eonun 
" venaa perveniretur — materia deiudc quid juvarel, nisi copfec- 
" tionis ejus fabricam haberenius .'" Cicero de Divinat. lib. i. 
c 51.) The following passage from Isaiah gives authority to 
the preceding opinion : " Doth the plowman plow all dav, to 
" sow ,' doth he open and break the clods of his ground ? When 
" he hath made plain the face thereof, doth he not caet abroad 
" the fitches, and scatter the cummin, Bnd cast in the principal 
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} that kind of instinct which leads him to 
the selection of a specific sort of material for 
his nourishment or clothing, or for the construc- 
tion of his hahitation : hut, in proportion as he 
feels new wants, he meditates on the means 
of gratifj-ing them ; and usually perceives, with 
a quick eye, those qualities in external bodies, 
which make them capable of being fitted to the 
end he has in view. This power of perception 
is peculiarly characteristic of the intellectual 
faculties of man : and although the inferior ani- 
mals have, to a certain extent, the same power, 
with reference to their specific instincts, yet in 
them it is very limited. The nest of the same bird 
may be composed, in different years, of some- 
what different materials, according to the lati- 
tude of her choice ; but, with tiie exception of 
such a modification, she never varies from or 
improves upon the original plan : the compara- 
tively unsheltered hovel of the rook, for instance, 
is never improved into the comfortable cottage 
of the swallow. 
T It is probably owing to the exercise of the 

whent and the appointed barley and the rie in their place? 
"^Tvr his God diith instruct him to discretion, and doth leach 
'• Uim." Ch. xxviii. 24 — 26. And an, when Dr. Thomson 
considers it as " remorkable that ahn(Mt idl those metak which 
" were knuwn to the ancients posaess malleability," (Thomson's 
Chemistry, sixth edit. vol. i. p. 325.) it may with propriety be 
observed that those are exactly the metals, without which society 
t hnve existed. 
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•bore mentioned power of perception in tbe 
kuuian mind, that the instruments uud arts 
»i uncivilized life, observable at all periods of 
history and in all parts of the world, have »uch 
a general resemblance ; although, in the con- 
Mriiction of the one, or the exercise of the other, 
there cannot have been any communication of 
knowledge. Compare, for instance, the stone 
arrow-heads and axes of the ancient Celtic na- 
tions, with the similar instruments of the inha- 
bitants of those islands of the Pacific Ocean 
which were not discovered till the last centurj'. 
The following fact, and accompanying remark, 
tnay be mentioned, in illustration of the present 
part of the subject. Captain Beechey, in de- 
scribing a dead whale whicli hud been wounded 
t>y an Esquimaux harpoon, having " a drag at- 
*' tached, made of an inflated seal skin, which 
" had no doubt worried the animal to death," 
ftdds this pertinent observation. " Thus, with 
*' knowledge just proportioned to their wants, 
" do these untutored barbarians, with their slen- 
-^' der boats and limited means, contrive to take 
" the largest animal of the creation." Voyage 
to the Pacific, p. 270'. 

" The same authiir observes, in a abort sketch nf Upper Cali. 
ibriUB, that the natives cultivate no land, but aulnist entirely 
" by the chase and upon the spuntoiu^oua produce of Ute ^LTtli ; 
" atwma, of which there is a great Qbuiidance^in the couatry, 
" constituting tlieir principal ve|;etable food. Of these meoraa 
" they procure a supply in the proper season ; and, aftoif having 
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■ It is probable, then, that there is an in- 
Hnctive tendency in man to meditate on the 
ature and properties of those material objects 
hd phenomena which are frequently presented 
his view ; and subsequently to derive froea 
his meditation the means of applying those 
jjects and phenomena to his wants, whether 
F a necessary or an artificial character. Thus 
Kronomy was originally cultivated with most 
t by those who lived in a climate in which 



iked them, th«y bruise them between two ntonux into a 

e which will keep tuito the following seatiun. Tht jiuste, 

SjKfoTe it is dried, i» subjected to several wnshings in a sieve; 

K which process, they say, deprives it of the hitter taste com- 

1 to the acorn. We cannot but remark the great resem- 

inoe tb» cnstom bean to the metiiod adopted bj the Soath- 

a i«]»nders to keep their brtuid-fruit : iiur ought we to foil to 

e the manner in which Providi^nce points out to different 

( the same wise means of preserving their food, and pro- 

g Hgniniit s season of scarcity-" (jt. -idB.) A simitar re- 

itioa will naturally occur to the reader with rettpeCt to 

r mode of decoying deer mid ducks : their plan, in the lat- 

e, differing very little from our own ; in the former, 

g conducted on the princijde i>f the stalking horse, (p. 399, 

N>. See also De Bry, vol. !. pi. 2fi. Deecript. of Florida.) 

1 one occasion, in alluding to the structure of the bow 

ig uncivilized nations. Captain Beeclicy forcibly reminds 

I classical reader of a line in the first' book of the Iliad : 

17 9j icXayyfi yivFr djjyu^ji'oio Qiout : for. after having said that 

e Californiaus string th^r bows much as we do (p. 402), he 

s that the Esquimaux leave the string in contact with about 

t of the wood at each end ; while the Celifornions mnflle 

t with fur, in order to prevent the reporl, which would 

ray them, when fighting in ambush, (p. ^7^) 
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an unclouded sky prevailed ; navigation, by 
those who lived on the borders of the ocean ; 
and the general arts of life, by those who in- 
habited regions characterised by tlie fertility of 
their soil, and the abundance and variety of 
their mineral productions. Of these positions, 
ancient Egypt, Phenicia, and India are re- 
spectively instances : though it is not intended 
to affirm that an unclouded sky is alone suffi- 
cient to produce a tendency towards the culti- 
vation, much less a national superiority in the 
science of astronomy ; nor a vicinity to the sea, 
an excellence in nautical skill ; nor, lastly, a 
fertile soil and abundance and variety of mi- 
neral riches, a correspondent skill in the general 
arts of life. In every instance it may be pre- 
sumed that civilization must have advanced 
sufficiently to have produced many artificial 
wants, before individuals feel that powerful 
stimulus which prompts them to take the full 
advantage of those resources which nature has 
placed within their reach. The miserable na- 
tives of New Holland, though inhabiting a coun- 
try as extensive, and in parts as fertile as 
Europe, have affiirded no indications of an ap- 
proach towards that degree of civilization which 
would lead them to discover and apply its re- 
sources. 

But, though it would be a vain and useless 
speculation to inquire in what way the arts and 
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^sciences actually arose, or how it has happened 
that they were more or less successfully culti- 
vated by diflerent nations, it cannot be either 
tmiuteresting or uninstmctive to compare the 
progress which natural science had made in 
Europe, at a period shortly antecedent to the 
Christian era, with the state in which it now 
exists: and such a comparison is in strict ac- 
cordance with the original intention of this 
treatise. The materials for this comparison, 
which will be attempted only on a plan the 
most 'general, have been principally derived 
from Lucretius, and from that work of Aristotle 
which is entitled, Utpi /teajv 'Isrc/j/af. It should be 
remembered, however, that there is a broad line 
of distinction between the mode in which na- 
tural science was cultivated by the ancients, 
and that which has been adopted by the mo- 
derns. The ancients, though on many occasions 
as accurate observers of the obvious phenomena 
of nature as the moderns, were too hasty in 
coming to conclusions as to the character and 
cause of those phenomena ; and hence the crude 
opinions and theories with which their phi- 
losophy abounded. But. if we justly consider 
the precept of Thales, " Know thyself," as a pre- 
cept of the highest wisdom for our moral con- 
duct, we must, on equally strong grounds, con- 
sider it as the highest prerogative of reason, 

l«r our intellectual nature, to know the actual 
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extent of its own powers : and it ie one of thej 
glories of the philosophy of the present Jay, 
that, instead of being ashamed of its own limi- 
tations, and consequently prone to hurry iulo 
unfounded assumptions for the purpose of hid- 
ing its ignorance, it explicitly, and at once, 
acknowledges tlie point which for the present 
must be considered as a barrier to fijrther pro- 
gress; still however looking forwanl to tlie pe- 
riod when the increased accumulation of new 
facts shall enable it to remove tliat barrier. 

SECT. II. 
'Opininns of Lucretius on the Constitution of Mmtter h 
general ; and on the Nature of Light, MtatJ Water, 
and Air. j 

In attemptii^ to explain the coDStitoion of 
the universe, and the general phenomena of 
nature, Lucretius assumes tliat inatten in its 
I -iprimary form consists of very small and im- 
penetrable particles, which, from their supposed 
incapability of further division, are called a/onw; 
that, from the fortuitous concourse of these atoms, 
all natural bodies were originally producfitd ; and 
, that into these they are again resolved by those 
common processes which we are constantiy wit- 
nessing, as the death and consequent decom- 
position of vegetables and animals, and the 
wearing away of the raost solid bodies by the 
effect of exposure to the air, or by the inseosible 
attrition of other bodies: and, Instlv. he i^in- 
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that these atoms existed from eternity, 
and are in their essence indestructible. 

He asserts as untenable, in fair reasoning, the 
opinion that there is no term to the divisibihty 
of matter ; since, on that supposition, the smallest 
bodies would consist of an infinite mimber of 
partB : and he consequently concludes that those 
indivisible bodies or atoms must be perfectly 
solid *. He impugns, as opposed to comnKMi 
sense, the doctrine of Heraclitus that all things 
are formed from fire ", and also the doctrine of 
others, that all things are formed from fire or 
air, or water or earth ' ; or from binarj- combina- 
tions oi them, as of air and fire, or of earth and 
water: ftnd, lastly, he rejects also the doctrine of 
Empedocles, that all natural substances are pro- 
duced from the joint union of tire, earth, air, 
and waters. And Lucretius himfteif supposes 
that the. original atoms of matter may, by a mere 
variation in the modes of combination, produce 
all the objects of nature, whether animate or 
inanimate ; illustrating his argument ingeniously 
by a reference to the fact, that an endless va- 
riety of words, of the most different meaning 
and sound, is produced by various combinations 
of the same letters ''. 

It is not necessary, on the present occasion, 
to comment on the obviously atheistical charac- 

d Lucret. lib. I. passim. " Lib. I. tJ36— 639, and 691—700. 
i 706—712. e Lib. I. 713—717- >> Lib. I. 817— U29. 
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ter of some of the opinions of Lucretius : 
may safely be affirmed that, although be strains 
the application of his general argument so as to 
support a belief in the eternity of matter, deny- 
ing equally its creation and destnictibility; yet 
the basis of his argument, if confined, as it ottght 
to have been, to the existing constitution of the 
earth, rests on a legitimate induction from the 
phenomena of nature: for, certainly, there i* no 
reason for beUeving that a particle of matter has 
either been lost or added to the earth or to the 
atmosphere, since their creation. And, in rea- 
soning from the mere phenomena. Lucretius 
justly asks, if every thing which disappears, in 
consequence of age and apparent decay, 18 
actually destroyed, whence is there a reoewal of 
animal or vegetable life! how do rivers continue 
to flow'! concluding with one of those beautiful 
illustrations, in which his poem abounds. " It 
" may be said perhaps, that the showers, which 
" sink into the earth and are lost to our sight, 
" apparently perish : but then, from their fer- 
" tilizing etlects on the soil, and their subse- 
" quent incorporation with tlie growing seed, 
*' the harvest rises, and the vine and fig-tree 
" flourish. Hence, moreover, animal life io 
" general derives its support ; the sportive lamb 
" hence draws its nutriment from its fiill-ied 
" mother, and waiitone round the meads and 

i Lili. I. 22B— 232. 
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'oods; and hence those woods tliemselves 

" yearly resound witli the melody of their im- 

", live tenants. Nor does the eflect stop here : 

" for we ourselves ultimately derive our sup- 

*' port from the same source ; and cities are 

" eventually peopled from the nutriment pro- 

" duced by the very rain which we had fondly 

^"supposed to perish. But nothing really pe- 

^Bgnshes; nature producing new forms of matter, 

^^Pfrom the materials of those which have ap- 

^^ parently been destroyed''." 

It would appear, from a very remarkable 
passage in Lucretius, that some of the philo- 
sophers of his day entertained an opinion, which 
he himself however opposes, that there exists a 
universal law of gravitation, by which all bodies 
tend towards the earth as the centre of the uni- 
verse ; that, in consequence of this law, the bo- 
dies of those animals which inhabit the opposite, 
or, as it were, the inferior surface of the earth, 
are no more capable of falling into the sky 
which surrounds them, than the animals inha- 
biting our own, or, the relatively upper surface 
of the earth, are capable of rising into the sky 
which is placed above them. And, correspond- 
ently with the spherical form of the earth, which 
almost necessarily ibllows as a corollary from 
such an exposition of the law of gravitation, the 
same philosophers argijed that, at the same mo- 



k 
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ment when on the opposite surface it is day,' 

with us it is night'. 

Although Lucretius, wlien speaking in general 
terms of the tendency of all heavy bodies lo fall 
towards the eartli, and of the acceleration of 
motion and increase offeree which they acquire 
in falling, oilers such an account of the facts as 
we miglit expect from his confused doctrine of 
atoms, and shews his ignorance of the real 
character of /«>«*/itfegravity; yet of the nature of 
relative or specific gravity, that is, of the cause 
why equal bulks of different bodies are of diffe- 
rent weiglits, lie gives the true explanation, by 
asserting that the heaviest bodies contain most 
matter, and consefjucntly have fewest pores'". 
That such pores exist not only in wool, and bo- 
dies of a similar texture, but even in those which 
are hard and compact, is proved, he affirms, by 
the percolation of water through the roofs of 
caverns; and from the transmission of the food 
both of animals and plants into their extreme 
limbs and branches". 

Lucretius considers lig/it as a very subtle 
kind of matter, which, from its tenuity, is 
capable of inconceivably swii't motion ; the ra- 
pidity of whicii motion he instances in its near- - 
ly instantaneous difiusion through the whole 

1 Lib. I. 10.^1—1065. 

■» Lib.VI. 334—346. and lib. I. IWfl— 370. 
Lib. I. 347—354. 



INTELLECTUAL FACULTIES. 291 

. With respect to the connexion of li^ht 
and colour, he not only affirms that the latter 
cannot exist without the former ; but that the 
particular colour ohservable in different bodies 
is not inherent in those bodies, and that in 
every instance it is produced by the direction, 
or other circumstances, under which light im- 
pinges either on them, or on the eye of the be- 
holder: and he gires as examples the piuma^e 
of the neck of the pigeon, and of the tail of the 
peacock I*. And thus, he adds, the countenances 
of the audience, and the whole interior of a 
theatre, closed in with coloured curtains, are 
tinged with the colour of those curtains''. He 
instances the foregoing position by a reference 
to the colour of the sea ; which, when viewed 
in the mass, is blue or green; but, when con- 
verted into mere spray, is white''. And he argues 
that colour does not belong to the ultimate con- 
stituent parts* of bodies, on this ground^that if 
coloured bodies be reduced to minute particles, 
the colour vanishes*. 

Occasionally he employs terms which, even 
at the present day, correctly express the fact of 
the equality of the angle of incideuce and of re- 
Jiexion: and he graphically describes the eflect 
of refraction in altering the line of direction 



Lib. IV. 184— IW). uiid 2W— 202. 

P Lib. IL 704— SOB. 1 Lib. I V. 7I>— 7«- 

'Lib. II. 7:tfi— 772, '' Lib. u, iia.'i— ai2. 
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of the rayn of light'. But, in alluding to the 
phenomenon of the rainbow, he briefly states 
some of the circumBtauces under which it ap- 
pears ; Avithout atterapthig to account for the 
mode in which the effect is produced". 

Lucretius supposes heat to be a material sub- 
stance, because it excites a specific sensation ia 
animal bodies*: and, notwithstanding the obvious 
alliance between heat and light, which is observ- 
able in many common phenomena and operations^ 
he conjectures, what has been most unexpectedly 
ascertained by the experiments of the late Dr. 
Herschel, that there are rays of heat emitted 
from the sun, which are distinct from the rays 
of light emitted from the same source y. 

In speaking of the natural sources of heat, he 
observes, that it is generally produced by rapid 
motion ; and gives as an instance the heating 
and even the liquefaction of a leaden bullet, 
■which has been projected through the air with 
great force and rapidity^. He also notices fric- 
tion as a source of lieat ; instancing the fire 
which is produced by the mutual attrition of 
branches of trees". In speaking of compressioa, 
as another source of heat, he not only gives the 
more obvious and probable illustration of light- 
ning, expressed or forced out from a condensed 

t Lib. IV. 319-324, and 438— 444, 

" Lib. VI. .124—526. x Lib. I. 209—304. 

y Lib. V, 60y— 612. « Lib, VL 176, 177. and 305—307. 

»Lib. V. 1095—1099. 
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'tloud'": but, in mentioning a spring of water 
observed to be periodically warmer in the night, 
and colder in the day, he almost anticipates the 
views of modern chemistry respecting the dif- 
ferent capacities of bodies for heat; when, in 
accounting for the fact, he supposes the heat to 
be forced by compression, occasioned by dimi- 
nution of temperature, from the surrounding 
earth into the wateri^. His interpretation in- 
deed of the phenomenon is not correct ; but 
tins error does not interfere with the ingenuity 
of the illustration, or its coincidence with mo- 
dem hypothesis : and it is remarkable tliat, 
even after the lapse of twenty centuries, the 
real nature of heat is still (juestionahle. We 
now know that, in such instances as that just 
mentioned, the apparent difi'erence of tempe- 
rature depends upon the relative temperature 
of the surrounding air; water which has been 
recently drawn up from the well feeling cold in 
the heat of summer ; but warm, during a frost. 
The fact is, that, being really of a mean tempe- 
rature throughout the year, it will be greatly 
beneath the temperature of the air of summer, 
and therefore will then appear cold ; and it will 
be on the other hand above the temperature of 
the air of winter, and will therefore at that sea- 
son appear warm"'. 

fc hih. VI. 270—276. ■■ Lii.. VI. 861-«73. 

d Ariitotle, in liU history of animals, mentions as a iaut, witli- 
nt however offering any explanation uf it, that during the night 
u3 



804 EXERCISE OF THB 

From various phenomena, as from the drying 
of linen, or from its becoming damp without a 
visible accession or exhalation of particles of 
moisture, Lucretius ai^uea that water is capable 
of existinf^ in the state of an invisible vapour'. 
He asserts also that its constant exhalation from 
the sea is proved by the corrosion of walls built 
near the sea-shore, and i'rom the salt taste per- 
ceptible in our mouths while walking near the 
Bea'; and that, although this exhalation takes 
place in a small quantity only, at any given 
moment and from a given siirface, the aggre- 
gate quantity, which is the ultimate result, is 
very great; and, lastly, that in consequence of 
this exhalation, the sea does not increase in 
quantity notwithstanding the constant influx of 
rivers, and the rain that falls into its. He uo- 
tices moreover and accounts for the equality of 
tlie balance, between the quantity that falls into 
the sea from rain and rivers, and the quantity 
that is evaporated from the surface of it''. 

In speaking of atmospherical air, Lucretiua 
maintains that, althougii in its nature invisible, 
and to all common perception intangible, from 
various phenomena it may be reasonably in- 

tbe water is warmer thiui the nir; for in stating that crocwIDfs 
conmonly retnain on tbe land during the ditj> but in the mlua 
during tlie night, he adds as a reason, that during the tiigbt the 
water is warmer than the ajr, l^aktfw&ripov yap i<rn r^e tiBplat. 
Ed. Bekkbh. |). 37.) 

f Lib.iv.ai9— sa;. 



"Lib. I. 306—311. 
« Lib. VI. 607—630. 



^ Lib. V. 381—394. 
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ared, llial it is really a tangible, in other words 
t material substance. " Thus," he says, " when 
i observe that the winds, which are evidently 
t nothing more than currents of air, not only 
t drive the clouds in various directions, but vio- 
i lently agitate the ocean ; and even occasion 

* the wreck of the largest ships, by dashing 

* tJiem against the rocks: or when, in the form 
i* of a hurricane, they snap asunder the state- 
' liest oaks, and lay prostrate in their course 
' the honours of the mountain forest ; we can- 
,' not doubt that in their mode of action, as well 
' as in the destructive character of their eftects, 
^ they resemble the inundation of a rapid river; 
f like which, they sweep before them every ob- 
f stacie, or carry up the heaviest bodies into 
' the atmosphere, in their invisible eddies, with 

* no less ease than the eddies of a rapid stream 
' ingulf whatever comes within their vortex'." 
[le also shews, by a still more refined argument, 

that the air must be a material substance, be- 
cause it offers resistance to falling bodies; prov- 
•ing this resistance by the difference in the ve- 
icity of failing bodies of different weights : for, 
^vere there no resistance in the air, he asserts, 
nd the fact is experimentally shewn in modem 
ictures, that unequal weights, meeting with no 
npediment or support, would fall with equal 
' •■velocity **. 

* Lib. I. 272—205. I- Lib. II. 2311— 2a!>. 

u 4 
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Lucretius distinctly notices the physical office 
«f the air as a receptacle, and medium of con- 
veyance for sound' and odours'", and the vari- 
ous exhalations continually arising from the 
surface of the earth". But, though he ia right 
in asserting that the skin of animals and the > 
bark of trees are a protection against the action 
of the air, he is wrong in supposing them to be 
a protection against the mecliniiicat action of that 
element". The science of chemistry, which had 
not tlien arisen, has taught us that such exteraal 
coverings are a protection against the chemical 
action of the air. 

It appears probable, from the preceding state- 
ment, that in tlie age of Lucretius philosophers 
!iad formed some reasonable conjectures re- 
specting the nature of light and heat ; and that 
several of the physical phenomena of water and 
of atmospherical air had been accurately ob- 
served, and upon the whole correctly explained 
by them. And even in a subject of a much 
more subtle nature, the mutual attraction of the 
magnet and iron, the explanation of the pheno- 
menon was attempted with a degree of ingenuity 
quite equal to that, which has marked tlie rea- 
sonings of some of the philosophers of the last 
and present century, on subjects of a similarly 
abstruse nature. 



I Lib. IV. .'561—563, aiid .'172. 573. 
» Lib. IV. 210—222, nnd 228—230. 
» Lib. IV. 930— S34. 



n Lit.. V. 27«, 277. 
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n proceeding to account for the attraction of 
iron by the magnet, Lucretius first describes 
the well known experiment of a short chain of 
iron rings, the several links of which are held 
together merely by the force of magnetism ; the 
attractive power of which is communicated con- 
tinuously from the first to the last in the series. 
He then claims the particular attention of his 
reader to his proposed explanation of so difficult 
a subject, by reminding him that, in facts of this 
kind, many points must be laboriously investi- 
gated and established, before a rational solution 
can be given. Thence, assuming that from all 
bodies minute particles are constantly radiating, 
of which, those from some bodies are disposed 
to affect one sense; from otiiers, another sense; 
and that all bodies are porous to a greater or less 
e4tent, and are severally indued with their spe- 
cific qualities, affecting or being affected by dif- 
ferent bodies differently ; he argues that, from 
the magnet as from all other bodies, such mi- 
nute and specific particles are constantly ema- 
nating; that this emanation dissipates the air 
from the space intennediate to the magnet and 
iron ; and that, a partial vacuum being thus 
formed, the ring is immediately propelled, by 
the air on the other side of it, towards the mag- 
net, to which it subsequently adheres by an in- 
visible bond of union ; and so, in succession, all 

other rings are impelled : the adhesion tak- 
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ing place by some process, as insenaible as that 
which unites glue to wood ; mortar to Btone ; 
or the colouring particles of the purple dye, to 
wool p. 

The observations of Lucretius which relate to 
the mineral and vegetable kingdoms are too few, 
and of too general a nature, to justify eveu a 
cursory comparison of them with the pre:tent 
state of science in those departments : aod 
though Pliny dedicates a considerable propor- 
tion of his Natural History both to minerals 
and vegetables, there is nothing sufficiently 
8y_steraatic in his method, or approximating to 
the present state of science, to be of any avail 
for that purpose. The same remark holds good 
even with respect to Theophrastus, not only in 
the case of minerals, but of vegetabies also. The 
ancientt« find a glimpse imleed of the sexual 
system of Linnaeus, with reference to the palms ; 
but shew no tendency to a generalization of the 
observation. 

SECT. 111. 

Opinions of'llu Ancients on the OrganVUUion and Clastifi- 

eat'imt qf'Animah. 

It appears from what has been said in the 
preceding section, that in mineralogy and bo- 
tany we scarcely find among the ancients the 
slightest indications of those comprehensive sys- 
tems, in the construction of which the last aud 
pLiIj. VI. 906— 1088. 
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;nt centuries have been principally instru- 
mental. 

Not so in the animal kingdom. In this branch 
of science the true principles of classification 
seem to have been almost as clearly understood 
in the a^e of Aristotle, as at the present day : 
and, in order to enable the reader to judge of 
the truth of this assertion, 1 propose to offer a 
short and cursory analysis of that work of Ari- 
stotle which is entitled Titpt Zww* 'Isrop/aii; com- 
paring it at the same time with similar mo- 
dern works, and particularly with that of Cuvier 
entitled, " Le R^gne Animal, distribue d'apr^s 
"son Organization,"' which was published in 
Paris in the y«ar 1817, in four octavo volumes'. 

I shall not stop to inquire whether the work of 
Aristotle is to be considered as containing the 
result of hia own observations only, or whether 
he has collected into one body all that had been 
observed by others as well as himself; which 
last supposition, however, is probably the true 
state of the case. But in order to illustrate the 
magnitude of such an undertaking, and the diffi- 

q It tt-ill be convenient hire to state, that the edition to which 
references will be uinde in the following pages is that of Bekker. 
Berlin, 182«), Rrrt. 

' A new edition of this work was pnblii^ed in 1839, but die 
prefoce of the first is retained without any important alteration, 
and indeed with scarcely anj' alleralioti at all Nor are the al- 
terations, or additions, which have been made in the body of the 
work, of such a nature an to nft'ect the present comparison. 
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culties attendant on it, even in the present splen- 
did era of philosophical discoTcry, I need only 
refer to the following acknowledgment of Cu- 
Tier, Aristotle's great rival in this department of 
natiiral science, contained in the Preface of 
the *' R^gne Animal." He there at once con- 
fesses, with reference to his own work, that it 
would have been utterly impossible for any in- 
sulated individual, however long his life, and 
however great his leisure, to complete a sys- 
tematic classification of animals on the prin- 
ciple of conformity of structure (which, it should 
be observed, is Aristotle's leading principle as 
well as his own) ; that he should not even have 
been enabled to offer the present simple sketch, 
had not the advantages of his situation com- 
pensated for his want of time and talent. Sur- 
rounded as he was by go many accomplished 
Naturalists ; deriving information from their 
works at the moment of their publication ; and 
having as free access to their collections as to 
his own ; a great part of his labour necessarily 
consisted, he affirms, in the application of so 
many and such rich materials to his present 
e^say. 

He accordingly acknowledges his obligations 
to GeoflFroy, Levaillant, Oppel and Blainville, 
' Lacepede, and Lamarck, in the respective de- 
partments of quadrupeds, birds, reptiles, fish, 
and testaceous animals ; all which classes of 
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imals are described in the two first volumes 
of his work. And he particularly expresses 
his obligations to Latreille, who furnished him 
with tlie entire third volume of the " R^g^e Ani- 
" mal," containing the arrangement of cmsta- 
ceous animals {lobsters, &c) ; the arachnida 
(spiders, &c.) and insects*. Of his fourth and 
last volume he speaks in such brief terms as 
the nature of its contents requires : for, inas- 
much as it only contains a compressed account 
of those animals whose history is very obscure, 
either from the minuteness of their size, or from 
our ignorance of their habits and modes of life, 
it is necessarily very short in itself, and concise 
in its details '. 

It is clearly immaterial, on the present occa- 
sion, whether the work of Aristotle, which we 
are about to examine, be entirely his own, or 
only a systematic exposition of the opinions and 
knowledge of others; for, on either supposition, 
it is evidently a representation, on the authority 
of which we may fairly rely, of the general 
amount of knowledge accessible to the contem- 
poraries of Aristotle, in that department of na- 
tural science : and as, with even still greater 
confidence, we may rely on Cuvier's work, as a 
simihir representation of the existing state of 
knowledge in the same department, I may safely 
refer to it as a standard of comparison witli 

Prefiice, y. ix, x. * Pref. p. xi. 
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reference to the knowledge aiid upiiiions of the 
moderus. 

In attempting to give an account of Aristotle's 
Tiews, it is prudent to state that it has been col- 
lected from nnmerouB and various notices dis- 
tributed very irregularly tliroughout the body of 
his work ; so that it is scarcely possible to be 
confident of having given the correct reference 
in every instance. It is prudent to make this 
statement, lest any of my readers should be led, 
in consequence of an incorrect reference, to 
doubt the fidelity of the representation here 
given, from the difficulty of meeting with the 
original passage. This dithculty is perhaps 
greater in tlie case of Aristotle, at least with 
respect to the work in question, than in the 
case of most other authors, in consequence of 
what may be called his Pindaric style of di- 
^ession ; which is occasionally so abnipt as 
to be at tirst view ludicrous. Thus, in com- 
paring the kidney of the turtle witli that of 
the OS, he stiddeuly illustrates his subject by 
observing tiiat the viscera of the bonassus also 
(an animal not very like a turtle) resemble those 

of the ox. ( Ex*' ^f «"' ° iSofatToi Ta (vrof anayrix S/jaia 

fid. p. 45.) And, again, in the midst of a whole 
page descriptive of snakes, when speaking of 
their cloven tongue, be abruptly says that the 
seal (an animal not more like a snake, than the 
bonassus tlie turtle) also has a cloven tongue. 
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("Ex*' ^i *«' ^I ^w*"? iTyt<Tjt.ivyiv rvjv fXamxt. p. 48.) 
It may however be presumed thiit, in the&e, as 
in miinv other instances, not only of this but of 
many other of his works, the text has been vi- 
tiated or interpolated. Indeed some of the 
opinions expressed in the work are so opposed 
to the acknowledged physiological acuteness 
of its author, that they cannot be consistently 
admitted to have originated with him : and 
such, assuredly, is the solution offered in ex- 
planation of the physical phenomenon to which 
allusion is made in the proverb, aei hi^i-t 'piffi n 
Kviviv: respecting which he says " that, in conse- 
" quence of the want of rain in Libya, animals 
'* of all kinds congregate wherever there is 
" water; and that, being rendered tame by 
" thirst, all those individuals which, though 
" of different species, are nearly of the same 
" size, and which go with young lor nearly the 
'* same period, breed together and produce new 

" forms." (Uoku{j.ap(poraTa 8e (to f»o) iv r^ Ai/Silij — Sia 
yap T^v a.v6iJ.0piav jj-irytaiett taKfX aTOVTUtra T^of ra. viaxta, 
Keu T(t fiij 6[jiO(j>vXa, itau iit<pif>iiit av oi y^ovoi oi T^f Ku^atui 
81 avTo'i KAi ra ii.(y($r] fi.yi woXu ot oAA^Amu* vpls aXAijXa 8< 
irpaanxrai Sia rijn rov wcrov y^um. p. 248.) 

With reference to animal life in general, 
Aristotle notices the gradual advances made 
by nature from the state of inanimate matter 
to that of living beings ; whence there arises a 
difficulty in ascertaining the common boundary 
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of the two divisions. And he tlien obseircs that, 
in the scale of material existence, plants imme- 
diately succeed to lifeless forms of matter ; and 
that although among plants the degree of the 
living power is " various, some being indued 
" with a greater portion of it tJian others ; yet, 
" considered collectively, plants represent as it 
" were a middle term between animals and all 
" other bodies; appearing as indued with life, 
" in comparison with all other forms of matter, 
" but devoid of life in comparison with animals. 
" The change from tlie vegetable to the animal 
*' nature ia- as gradual, as from inanimate to 
" vegetable matter: for there are some marine 
" productions, of which it is difficult to affina 
" whether they are animal or vegetable ; since 
" they permanently adhere to the spot where 
" they are found, and cannot be separated from 
" it without perishing; and they manifest very 
" obscure, if any, signs of sensation. Indeed tlie 
" whole class of testaceous animals can scarcely 
*' be considered as superior to plants, when com- 
" pared with those animals which are indued 
" with the power of moving from place to 
" place." (Ourai S' tK vccv aupvyfOiv u( t« f^a fi.eTaJ3ai»a 
Kara fUKfov i] <f>vi7i(, oitrrf rjj fff nej^e/a ^iOmSitfiv to fxt^ofu 
XXV Kai TO fj-taov itotejiwii foriv' jutra yap to tvv a<^V](9i\ 
vef TO TsJv tptiTXv npuTov iariv kou tovtoiv ertpcv itpvi tTipv 
hevfiipii T^ ^XAov hoKUv /Aere^eiv 5'w^f, ckoi it ts ytint 
vpas (wv raAAa vaifJMTa <patveTM rrytio* nxTStp tfu\nrf^g», wpi( 
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ffw^x^f tOTJV — fKfs yaji rxv ev tjj Ba.Ka.rni diaitop-qaftf* an 

Tif TTOTtpov ^ao» imv VI <}n>T0V Trpr,Tir(tftvKt yap, Kai X^ipt^o- 

ftfva wakKa ha<f>9(iptTau rwv toiovtuv — oXwf oe irav to ytvot 

TO T»» itrrpojtoiipfjjiiv <f>vroii (DiKf irpoi ra wipewjxi rav ^liim. 

Kai xfpi aiff^ffEWf, ra fw oi/raiv oi)S« ev ffij/xai'vfriw. p. 212, 

213.) 

^^ " Again, if we regard the substance of the 

^HJMower species of marine bodies, though in 

^HhkHne instances, as in sea-nettles, it approaches 

^^■lo the character of tiesh ; in others, as in 

^^Plponge, it closely resembles a vegetable mat- 

^™'tcr. And, lastly, as difi'ereut bodies appear 

" to partake, in diflerent degrees, of life itself; 

" so do they difler with respect to the degrees 

" of activity in Ihe functions of life. Plants, for 

" instance, seem to be incapable of eft'ecting 

" much beyond their individual nutrition, and 

" the continuation of their species : and the 

*' same observation holds with respect to the 

" lowest species of animals. By the addition of 

" sensibility in different degrees, the pleasure 

" and activity of life are increased ; first in the 

*' gratification arising from mutual intercourse ; 

" and further, in the natural aftection which 

" the parent feels for its offspring, and in the 

" care of providing food for it." ('H li tov o-w^orrot 

tyitm o-ajjucwSijf e<TTt <pi<m, oio* ra tc KaKtivfieva T^Sva Kai to 

Tvv anoKri^v ytvof' o St ffWyyof xavreXSi hiicf Ter^ ipuroTt. 

\ {AiKpav ha(f>6pav (Tfpa vps irfpatv yiti) ipainerai 
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fiaXki* I^VTiv ij(evra kcu Kimitm. km Ktcrit riif rtu ^u St 
wpa^fif rov avTov tyei rpovov. tw re yap tfnrrHv tpyw ov9€9 
fltAXo ifiamrai tAV s^"" <«^« «<K^ai va>.tv (rtpo*, Saa yiatreu 
§13 a'Ttp/jLaroi' o^o/v; Se xai tuv fxwv ni/oiv vo^a -niv ytvtca 
evii* (ffTin »AAo Ka^fii epysv — vp{,<Tavjyii 8 (U7d^7tw; ijSij, 
VEfit TC T>iv vjffloa Sia Tip> igSsv^v ita(j>fpivaiv avriv et 0iu, 
ivaj vc^f Toii toxsuc Kai rac fKTpo^ai rm rtmaiv. p. 213.) 
" Some animals, then, merely extend their 
'* species, after the manner of plants, at stated 
" seasons; and take no care of the individuals 
" produced by them. And even of those ani- 
" mals which provide nourishment for their off- 
" sprine. the greater number exercise their care 
*' for a definite period only ; that is, till their 
" young are capable of providing for them- 
*' selves : after which, they forsake or have no 
" further communication with them. Some in- 
" deed, apparently indued with a higher degree 
'* of intelligence, enter into a social communion, 
" and establish a kind of polity with their off- 

" Sprmg.' (Ta fiiv 01* avXii, inavip <f>vrk, Kara rif 
apat an-oTtAci' t^v UKilav yimfftV ra I'e teat mpi tas rpupaf 
tKW&Khau TVH TiKvm, Srav S" awertAe'tnj, yupi^ctnat xea 
KBiVUudv oi/Sc/a/av tri vciotmai' ra ^i (^t/vtrvrtpa leai xoiiw- 
vowra /Jtv^fiijj e^t vkin ksu voXiTiKiuTepo* y^mrrat roif «*- 

yo'voff. p. 213.) And he makes a distinction in an- 
other part of his treatise between sucli animals, 
and those which are simply gregarious; the 
former being characterised by the disposition 
to contribute collectively to the completion of 
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"^me one work ; as man, the bee, the ant, &c. 

(voXtiiKa S fo-Tiw wv ev ti km koiwv yiverat TravTcuv to (pyt.V 
ov€p tv TitaiTa VBiu ra ayeXaia. iirn St toiovtov aiiBpanrof, 
fxiKirrct, rr^^f, [tupity^^. p. 4.) 

With the exception of the opinion that inani- 
mate matter graduates into life, nothing ad- 
vanced by Aristotle in tlie foregoing observa- 
tions, if considered in the light of a general 
statement, is contradicted or set aside by our 
present knowledge. For no opinion perhaps is 
more prevalent, among those who are capable 
of fairly investigating the characters of natural 
objects and phenomena, than that there are 
gradations of excellence in the various fonns of 
matter; although the limits of distinction are 
often obscure. Who, for instance, that has com- 
pared the respective structures and qualities of 
the bodies, can doubt that the most splendid 
mineral indicates, humanly speaking, an infi- 
nitely less effort of creative and superintending 
power than the most simple vegetable? In the 
mineral we find a perfect similarity, or rather 
sameness, of character, pervading all the inte- 
grant particles of the mass ; the order of their 
union being the result of a mere external force, 
which, having once brought them together, ceases 
to have any further eflect. In the vegetable we 
find a most curiously arranged system of internal 
tubes or pores, which attract and separate the 
elementary principles of the soil and of the at- 
X "1 
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moephere tn which the plant ia placed ; giving 
rise to structure* the most wouderful, and, if wo 
contemplate different individuals of the vege- 
table kingdom, more variegated than the mind 
could have imagined — the bark, the wood, the 
leaves, and lastly the flowers, fragrant with a 
thousand odours, and emulating the brightest 
colours of the rainbow. Or, again, if we com- 
pare the character of the vegetable, fixed to its 
native soil, without any inherent power of moving 
itself, either totally or partially; insensible to the 
influence of those agents which beget a succes- 
sion of new feelings and emotions in animals; 
how contracted in its sphere of relations must 
we consider the former body, when compared 
with the latter ; and how incalculably a greater 
power of creation do the phenomena of animal 
organization indicate ! Gorgeons as are the lilies 
of the field, so that even Solomon in all his 
glory was not arrayed like one of these, yet 
what are they in the efiect they produce on the 
human mind, compared with the lightning of 
the eagle's eye, or the fire-breathing nostril of 
the horse? Most assuredly, in our estimation of 
excellence, the intellectual and moral image will 
always bear the preeminence ; and, whether or 
not the physical conformation may eventually 
be found to correspond, philosophers have actu- 
ally classed animals in such an order, that those 
which manifest the higher degree of intelligence. 
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nd of moral feeling, are comparatively higher 
in the scale. 

As instances of the equivocal character of 
those particular forms of organized matter to 
which Aristotle alludes, when speaking of the 
obscure boundary that separates animals from 
vegetables, coralliw-s and substances of that 
kind may be adduced among animals; and, 
among vegetables, those green, and in appear- 
ance gelatinous conf'ervie which are found in 
abundance in stagnant ditches during the sum- 
mer. And these, and similar examples, seem 
to shew that, after the lapse of more than 
twenty centuries, the difficulty of defining the 
boundary between animal and vegetable organ- 
ization still exists; a difficulty which is fully 
admitted by the principal physiologists of the 
present day". 

In examining, however, more particularly the 
preceding opinions of Aristotle, there is one 
which does not accurately agree with the pre- 
sent state of our knowledge; there is not, namely, 
that continuity of gradation which he expresses 
by the term trW^*i«*. There is probably no 

" Sec Macleny's Horic Entomolopcas, p. 191. 

> A modern parallel to this opinion may be fuunil in the gen- 
logical liy[>othi!sis that the simplest forms of animal life occur 
only in the older strata ; more and more complicated forms ap- 
pearing in the more recent formations. The progress of geoI»^ 
hoa shewn that this is not really the cane. See Prof. Sedgwick's 
BtOtheG«9USpS..E-2- 

x3 
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living philosopher who advocates the opinion 
that gradual advances may be traced from the 
state of inanimate matter to that of life : for 
even Lamarck, who entertains the opinion of a 
gradation in structure among animals to a very 
extraordinary extent, considers that the differ- 
ence between organized and unorganized mat- 
ter, in other words between living and lifeless 
matter, is extreme; so that they cannot possibly 
be ranged in the same line. And he also be- 
lieves that, however remarkable may be the ap- 
parent affinity between plants and animals, they 
may always be distinguished^". 

But a regular gradation of form cannot even 
be traced in one and the same kingdom of na- 
ture: for, with reference to animals, Cuvier dis- 
claims any attempt to class them so as to form 
a single series descending gradually from the 
higher to the lower classes. Such an attempt 
he thinks absurd ; and is far from supposing 
that, even in a separate class, the last in order 
are the lowest in the degree of their organiza' 
tion ; and still farther is he from supposing that 
the last of a higher class are more highly ad- 
vanced than the first of the class immediately 
succeeding. He merely allows that a regidarly 
graduated scale is occasionally observable to a 
certain extent; and maintains that the universal 

y Lftmuck, Philosoph. Zoo\og. lam. i. p. 377, 384; and 
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pplication of such a principle is inadmissible 
1 any philosophical grounds*. And Lamarck 
^mself agrees with Cuvier in this opinion. 

The only formal terms of classification em- 
kloyed by Aristotle are fi'Sof and yivm, of the 
"St of which he gives a remarkably precise de- 
nition. TImt definition is really, though not 
1 literal order, as follows: — " an animal species 
I is an assemblage of individual animals, in 
f which not only the whole form of any one re- 
' sembles the whole form of any other, but each 
" part in any one resembles the corresponding 
" part in any other. Thus every horse not only 
" resembles every other horee generally, but the 
" eye or the hoof of every horse resembles the 
" eye or the hoof of every other horse. And the 
" same statement is applicable to man and other 
'* animals. They are therefore the same in the 
" character of their individual parts." CE^f* ti 
tSiv t|W» fvia ftiv jravra ra fiOpict raura aXAi^Xeifi (MA o 
ijfrt^. Tairra li ra fj.fv utu raJv fjjtpitev (Vt)*, iTo* avQpuimv 
ftf Kcu o^8akf/.oi avS^mrsf pm fceu tiip$aX(t.f, km aapKi vaf^ 
lau otJTu errw' tov avjov oi rpovoi km imw icai rm aX- 
iu* ^ifwy, Off* TM tT&d ravTct XiyoiMv iavriih' o[Mia>{ yap 
ttmttp TO oXev tytt itpoi to oXsy, iiai tSv ftcpitav iy^u iKaVTtv 
upac tKatrrov. p. !■) 

In comparing the preceding definition of Ari- 
stotle with the corresponding definition of Cu- 
vier, we find that there is no essential difference. 

* Regne Animal, pref. p. xx, xxi. 
X 4 



318 EXERCISE OP THE 

CuTier Bays, " Every organized body has, excla- 
" sivety of the common qualities of its tissue, a 

' " peculiar or proper Ibmi ; iiot only generally 
" and externally, but even in the detail of Uie 
** structure of each of its parts'. And all the 
" individuals belonging to one of these defined 
" forms constitute what is called a species^." 

Aristotle thus defines the term ylva. " Xgenns 
** is an assemblage of individuals, in which any 
" one bears, upon the wliole, an obviously per- 

I •* ceptibie resemblance to any other. Thus birds 
' and fish constitute two distinct genera ; each 
** comprehending several species. But the cor- 
" responding parts, in the different species of the 
*' same genus, usually differ in colour, form, 
" number, size, or ]>roportion. In different ge- 
** nera, indeed, the difference of corresponding 
** parts occasionally proceeds still further ; the 
" only resemblance being that of analogy, as 
" between a scale and a feather ; a scale being 
•' to a fish, what a feather is to a bird." (Ti 8« 

teana. fL(v Imv, hatfttpii Se Koff i/sffVj^v km ii.\ti^i», Sam 
re ytwi ttm ravrav. Xtyet ^i yhwf cUv opmSa kai lyOiif 
tm/TMi yap fKazfpBv e^ft iieuptpav Kara to ytvaf, kou ivtip 



■ Chaque corps organise, outre les qualites oomniunes At Mm 
su, a line forme propre, Don-aeuleinent en general ut a I'ex- 
rieui, niais juaque daiu le detail ile la atructiu^ de chacuoe de 

aes parties. Tom. i. p. 16. 

^ Et toils leit etres appartenans a I'line de ces former consti- 

toent c« que Ton appelle une etpiet. Torn. i. p. 19. 
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(fm; rXttat tyOvvv km opviSuv. Aiaipfpei Se ayt^ov ra •aKtirrn 

y^cofAOTt; KM ffyijfj.aT6(, tS ra fAfV fiaXXoB aura vtxwOfVM ti 
S* ^TTOf, rr* 8( wA^Sfi ««( oKiyoTt^i kbu fieyiSa xai a-/jJiipo- 
Ttp-i KOi oAftif vsfp<,y^ KM €k\(i\l'U. p. 1. 'AXA' fof (iVtivrk 
TKtt^TOf Koii «f »w fjufaiv wa( oyxof ovvtTnjKtv, ij rai/ra iv- 
Tiv Tj ^ia(pfpfi T6t( aayriiii km koS wr<(30^»j» Kai tXKfi^'tv. — 
Evi« 8( t5v foKBv ei^« f*8(i ri ^ojifot rai^ri ?x« ei^* Kofi" 
vwfpa^hv Kai (AXeit^iv, aAAa /far* anaXoyiav, oTov vivoiStv 
— wpof vrepov XtvU' 3 ya^ ev opvtBi Trrtfih, ravro iv l-xPC't 
(<rti \evi'(. p. 2.) 

But althou3;h Aristotle uses the term ytW, in 
its primary sense, ns applicable to an assem- 
blage of tiitt'erent ftpecies having a general re- 
semblance to each other ; he extends it indefi- 
nitely, so that it is practically applicable to the 
modern and more comprehensive terms of tribe, 
famify, order, or even class: for, as we have just 
now seen, he distinctly applies it to the class of 
fish, and of birds. And it is remarkable that he 
sometimes uses the term 70*0^ as synonymous 
with fihc, or even a still lower denomination ; 
implying, that is, merely an accidental variation 
in a species. 

The following are instances of an undefined 
use of the term yivm. Having spoken of red- 
blooded and vertebrated animals, he adds, ta 8i kn- 
vet yivi tuv ^litov ftni juv ri-napa h^pvjixita d; yty/j : (p. 1 04.) 

in which passage 7<vc>( is first equivalent either 
to the species or to the geiim; and afterwards to 
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the order, or to the class, of modem zoologists. In 
another passage he says, *(Vi St yiw) t£v ^(AjttSii 
»A«ii;(p. 287.) where ye'vof is evideutly used as fr8ef. 

Aristotle was quite aware of the necessary 
connexion between the blood, or a fluid analogous 
to it, and the life of an animal. " Every animal/' 
he says, " possesses a vital fluid, the loss of 
which occasions its death :" («x<' S* 'f*' vyprnrra 
wav E'ajtv, ?; oT*pitr(co/jLtvsv — ifiBiipfTai. p. 7.) and as the 
colour of this fluid in the higher classes of ani- 
mals is always red, (?ot» Se rijv (pia-tv ro «!//« — ix** — 
■re yj>ifi.a tjivBpav. p. 75.) hence, for the purpose of 
distinctive description, lie assumes the colour as 
an essential quality ; and calls those animals 
which have red blood fvai[j.a, and those which 
have not red blood avai^. And thus he es- 
tablishes a fundamental natural division, an- 
swering to the red-blooded and white-blooded 
animals of modern zoology : and it is of great 
importance, with reference to his principle of 
classification, to bear in mind that he places 
the fvai/xa, or red-blooded animals, in the upper 
part of his scale. 

Aristotle was also aware that there is a na- 
tural connexion between the existence of red 
blood, and of a spine or back-bone, made up of 
several distinct portions called vertebrtE ; (»<wr« 
a T« fia, ocra tvfuyA ttfTiv, «x<' /saX'"' P" ^> o-iJyiMJTaj i" 

^ paXK tK er<pttit\i\tov, p. 63.) and he saw, conse- 
quently, the coincidence of these two conditions 
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in the classification of animals : and hence we 
find vertebrated animals occupying the first di- 
vision in his scale, as well as in the scale of 
modern naturalists ; though, in consequence of 
his desultory method of treating the subject, it 
requires some care to ascertain the order of his 
arrangement. 

Aristotle begins his work with some observa- 
tions on the characters of the different com- 
ponent parts of the bodies of animals (and these 
are subsequently repeated in a more detailed 
form,) which forcibly remind us of the tissues 
of modern anatomy"^ : " of the component parts 
" of animals," he says, " some are of the same 
" texture throughout; of which the most general 
" are the blood, and the blood-vessels — the flesh — 
" bone — skin — membranes — hair — fat, &c. (Tiy 

ofuiefLfp^, p. 1. Tvv S' ojMitfMpSr KanOTaTo* fthi cori to 



<= Anticipations of modern physiological opinions are occa- 
iionallf observable in Galen also. Thus the following passage 
clearly contains the germ of Bichdt's doctrine of organic sensi- 
bility. " In vegetables there is a peculiar power of senwitjon, 
" by which, though incapable of sight, or hearing, &c. tbey are 
" capable of distinguishing between those particles of matter 
" which ^vill nourish them, and those that will not ; attracting 
" the one, and rejecting the other," ('ETip6r ian yivot alirfftianos 
(V Tots ibvroit'^^^rf y^ T-Eriv d^htrdp, otJrr r^y dtaviTTiituv *. r. X. 
f^<( Atayfotaw, ak\d ^tiyov rav rpifpnv if ^fj Tpi<f)iiv O^vafxivtMi' ra fuf 
yip Tpi<i>tiv hvvafitva irp&s iavriiv i'\itovaa a. t. X. ftfraffaWu TTpos tu 
oIkuov T^t Tp<<f>oiirvrjt oiioiatf tA Ai firf buttatuva rpi^tH' ov npoVKTOU,^— 
Galeni Op. Kiilin, vol. iv, p. 7*'^-) 
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oj/to — Keel TO fiapic* rv w vr^xc* lyyma^ {nvn it «raXt»- 
TM i^hl'), — KM 1) ffapf — orroi* — iipfjM, t/*^* — Tpi^ef-^«J- 
^eA^. p. 55.) 

He then distributes the several classes of ani- 
mals into those which have blood, and those 
which have not blood : and though in the first 
instance his distribution is very confused, yet, 
when adjusted by subsequent statements, the 
order of arrangement is as follows. Among 
tliose which have blood, are man, viviparous and 
mnpurous quat/ntpctls, birds, Jish, cetaceous ani- 
mals, and serpents. (T« /xev (vai/u* — av^wweV t« uai ri 
{|jD9Ta'xa T^ rtTpOfvo^iev, <ti S« koi ta woreKa txv Trrpetwa- 
Saw Kai opvif KM lyfivi not K^at, km — o^n. p. 42.) 
Among those which have not blood, are animals 
naturally divisible into segments, as insects; ani- 
mals of a soft substance throughout, as cutlle- 
Jish, &.C. ; animals having comparatively a soft 
sliell, as lobsters, &.c. ; and those which have a 
hard shell, as oysters, &c. ("AW-o Sc ywi irii n imp 
etrrpoKaitpiJMV, o KaKfirat oc^j>€ot' oAAe to Tffif fAO^^tKCTTfor 
Kiev — ti'itv Kapa^ii Kai ytvij tivcc KapKivm koi mnaxS/*' oAJU 
TO tS^ fjM\aKtw, t'ev — tnpiiai' (.Tipta to tw* (vto^». T«vt« 
Se vavToc fi,kv iirrn avaifjia. p. 10.) 

He proceeds then to say, that " after hairing 
" considered the common attributes and actual 
" differences of animals, we must endeavour to 
" find out the causes of these; for only by a 
" demonstration and comparison of the pecu- 
" liarities of individuals cau we hope to arrire 
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'' at a natural method of classification." (FI/Mmv ra^ 

Mcra §€ rcvTO ra4 cuTiag toiJtcuv veipariov evpeiv. ovrw yap 
Kara <fni<riv ccrri voutaBcu r^ir fjiidoiov, wapyovir^^ t^^ /oto- 
pia^ Tyj^ vept iKaarov. p. 11.) " And, first, We must 

" compare together the several component mem- 
" bers of animals ; for the chief differences 
^^ among animals will be found in the presence 
** or absence of particular members, and in their 
** order or position ; cw in their form, proportion, 
" the analogy of their uses, or the peculiarities 

** of their colour, &C." (A»>prr€ov Jt irpSro ra [Mprf rSf 
^fon i^ »y awicmiKev, Kara yap ravra fiaki&ra Kai vpSrA 
^uupepei KOI ra oXa^ vj too ra jxev ^€iv ra be fMi e)(€i¥, ^ ryj 
Utru Kai T^ ra^€ij 17 koi fcara ra^ elpvjfAeyag vporepov ^/o^o- 
paff eHi^i Kai inrepoyjp kcu a»aXf^if kou riv vaOyj/MiTWv evoy- 
Tiorvfri, p. 11) ■ 

In the same philosophical spirit, and in terms 
not essentially different, Cuvier affirms that, in 
the attempt to establish a natural classification, 
" he examined one by one all the species that 
" he could procure ; and then classed together 
" as a subordinate generic group all those which, 
" resembling ea^h other in the more important 
" parts of their structure, differed only in size, 
" or in colour, or in other points of little im- 
" portance." (J'ai examin6 une k une toutes les 
esp^ces que j ai pu me procurer en nature ; j'ai 
rappYoch6 celles qui ne difi*6raient Tune de I'autre 
que par la taille, la couleur, ou le nombre de 
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quelques parties peu importantes, et j'en ai fait 
ce que j'ai nomm6 un sous-genre. Pref. p. xii.) 

In the examination of the component memr 
bers of animals in general, Aristotle Relecta man 
a» a standard of comparison ; alleging as a 
reason, tliat, as merchants estimate the value of 
foreign coin by a comparison with that of their 
own country, because best known to them ; so 
in making a claasification of animals we natu- 
rally employ man as a standard, because we are 
more familiar with the human form than with 
that of any other animal. (npuTev hi ra rd aaipvnv 

f*^pi} X>prr(ei*' leantp yap t« vt(wri*ava vpOf to airroif 
otatTTot yvapifuetaTm ZoKifta^dvan, avrat S^ leai (■ Toii oX- 
Aaif' 8' avSpwoi twv ^vttiv ywpiiMiTaTtv yj/^Tv f^ ivayieijf 
eoTi'v. p. 11.) And, man being admitted as the 
standard of comparison, it necessarily follows 
that, as a general rule, viviparous animals, birds, 
reptiles, and fish, would respectively come next 
in succession : and that order, as we have just 
seen, Aristotle actually observes. In one in- 
stance, indeed, he for a specitic reason inverts 
the order of arrangement ; and. commencing 
with those animals which least resemble man 
in their organization; and proceeding with thoi^ 
which bear a nearer and nearer resemblance to 
him ; he terminates his description with man, as 
having the most complicated structure of all 
animals. ("EwfJ S< h-^pf^eu ra yiw; upSiTtM, tJv tiuii* rfi* 
•am Kat nv trfiparav mifT^Bat r^v Stxpia*' irAip rort (lir 
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T»j» apyvjf t7roiOiI/*tfla ffKomwrit vfpi twv fitpaiv an avflpanrof, 
vv» 8e vepi Tovrow rfXeuraiov Xtiertot S;a ts iiKumjv tytm 

wpayf*.ixTficn. p. 112.) And he then enumerates 
the several classes in the following order ; " ani- 
" mals having a hard shell ; animals having a 
*' soft shell ; mollusca, or animals of a soft snb- 
" stance throughout; insects; fish; birds; ovi- 
" parous and viviparous quadrupeds; and man: 
" by inverting which order we arrive at a correct 
" view of his original arrangement." (npHiTov 8' 
ipictidv ano t£v oTTpam^ipiiMV, jxtrei Sc ratTO, wept rHit [JM- 
koKo^rrpaKxv, xai ra oX^a '&t toDtov tov TpoTctv ('p^^Vi' '^^ ^* 
ra Tt fuxXauM km ra evrajua, Kai ^i-tra rauro to t£v i-j(6vani 
yfKi, TO Tt ZfoMTONOv Kai TO aoTOnav eiuT^v, €tTa re t£v ipviSuv' 
[urk Se Tsura vfpi twv -m^iiv hucriwy oVa re ^asorcKa Kai ova 
ifitTOKa. ^lacTOKOi V Itrri t£v Ttrpanotmv (via, kou avBpuwti 
Tvv hvoiaiv fMvov. p. 112.) 

It is remarkable tliat, from the age of Ari- 
stotle to nearly that of Linnaeus, no systematic 
classification of animals was attempted; none, 
at least, was generally adopted. Soon after the 
commencement of the hist century Linnjeus di- 
rected his attention to tlie subject ; and distri- 
buted the whole animal kingdom into six class- 
es, mammalia, birds, reptiles, tish, insects, and 
worms: in which distribution Lamarck observes 
that he improved on Aristotle, first, by using 
the more distinctive term mamma/ia, and plac- 
ing the celacea in that class ; and, next, by mak- 

' a distinct class of reptiles, and arranging 
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them between birds and fish. If this alteration, 
which has been subse()uently adopted by ail 
«ther zoologists, be made, Aristotle's arraiiaie- 
ment of vertebrated animals a^ees with that of 
die present day. And in distributing all other 
animals inlojMtr classes, which Linnsus distri- 
butes into /(fo only, Aristotle must be considered 
as having proceeded upon tlie more philosophical 
principle ; because the species of these animals. 
taken collectively, are much more numerous, and 
much more diversified in their form and struc- 
ture, than the species of vertebrated aiiimals. 

Lamarck's objection to Aristotle's arrange- 
ment, on the ground of its commencing with 
animals of a more complicated instead of those 
of a more simple structure, is, for more than 
one reason, of little weight : for, in asserting 
that such an arrangement is contrary to the 
order of nature, he makes a peculiar hypothesis 

I of his own the basis of that assertion ; and, 
with the exception of Lamarck himself, almost 
if not all modern naturalists, including Cuvier, 
adopt the same principle of arrangement as that 

I of Aristotle. 

Lamarck objects with more justice to the 
terms n>aiaa and avatfjM, as also to the supposed 
improvement of some modern naturalists bv llie 

L Bubstitution of tlie equivalent terms, red-blooded 
and white-bhotled ; because in the second of 
those two divisions some species are iucluded. 
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as wonna, &c. which have red blood. On this 
ground Lamarck proposetl to divide all animals 
into those which have, and those which have 
not, vertebfEB ; or into vertebral and i?wertebral 
animals''. And he extended the two invertebrai 
classes of LinnEeus to ^ve, and subsequently to 

With reference to the classification of Ari- 
stotle, as expressed in his first book, it has been 
occasionally observed by literary men, who were 
not familiar with the details of his history, that 
quadrupeds in general and reptiles are ex- 
cluded. "The most comprehensive groups into 
" which the greater number of animals may he 
" distributed," he says, " are these : one, of 
" birds; one, of fish ; one, of whales and other 
" cetaceous animals; all of which have blood. 
" There is another group of the iarpaKoUpfta ; 
"another, of the fJMt^K^TTpaxa', another, of the 
" fiAkoKia; and another, of the hrnfia; all of which 
" are without blood. Of those animals wliich do 
" not come within the foregoing arrangement, 
" there are no comprehensive groups ; for no 
" individual type comprehends many species : 
'* and there is one type which is unique, afFord- 
" ing only a single species, namely, man. Some 
" types attbrd different species without a differ- 
" ence of specific denomination ; thus there are 
'* red-blooded quadrupeds, of which some are 
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" viviparous, and others oviparous.'" (Fa-ij ii ft*— 

yKrroi rav fiOOT, <iV o hrjpifrai ToAXa fiat, t«3' hrrh, J* /*0» 

jLUi CTTJ)'. a^X<i Se y^vo; «7tj to twv eo'T^oxaSffjfwev— oAAa t« ' 
Twv fMtXaJCiTTpojaiv — aAAe to tm» fiMXcudam—trfpav to rif.' 
ivTOftan. Tavra Sc vovra [j^fv foriv avaij*fl-— Taiv i!c Awkwip 
fmav ovKfTi TO, ytvtj fifyakar tiv yap vfpityti veAAa d"^ tt 
ttStf, rx^a ra /An imy ivKeiv airto aCx fyfit iia^pat t9 
ttitf, tiov aiSpievdi, rk S' e^ti ftXv, a\x' avinfa r« (iSij. 'Effr* 
ya^ Ttt TeT^»o5a ««) /ji^ wt^^wtb (va,t(jjt ftiv »««■«, oAaa t* 
Ith ^woTOKa ra B' (ooroVa airrvv. p. 10.) " Alltl thougb- 

" there are many species of viviparous quadni- 
" peds, yet they have no collective denoiuina- 
" tion ; but eacli is distinguished, as in the case 
" of the iiuman species, by its proper name ; as 
" the lion, deer, horse, &c. on which account 
" we cannot describe them collectively, but niasl 
" consider the individual nature and character 

" of each." (TsS Si yevavi jaxi tin mpavoiw* ^wuf km 
^cporoKmi u^^ /xev f^rt ve^Xa, avivvfia <i't' aKKct KaS tKAorvt 
ea/rZv aif ttvtTv, wsxip avSpuvaf tiptjTai, ktw, fXatf>of, m«t 
— Aio KM X^pK XapL^anVTOf avayK^ flfwptiV kKarrav nH" ^i« 
vtv avriv. p. 10.) 

It is interesting to observe that even Cuvier 
occasionally experiences a similar difficulty in 
his classification ; and expresses himself, with 
reference to the difficulty, in nearly the same 
terms as Aristotle. Thus, in introducing bis 
third order of the mammalia, called cnriuvwti, 
he says, "The forms of the different genera of 
" this order are so various, that it is impos^bh 
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** to range them in the same series : they are 
" therefore divided into several famiUeB^." And 
of one of these families, the marsiipialia, to which 
the opossum and kan^roo belong, he observes, 
that " the genera of that family might form a 
'* distinct order, so very pecuUar is their struc- 
" tureB." And on another occasion he adds, with 
respect to this same family, that " although the 
" various species so closely resemble each other 
" in many points as for a long time to have been 
" classed in one genus only; they yet difl'er so 
'* widely in their feet, and teeth, and organs of 
" digestion, that, considered with reference to 
" those parts, they might be distributed, not 
*' into one but several orders^ ; — and might con- 
" stitute even a separate and parallel class of 
" mammalia'." 

' " Lea Carnassiers. — Leurs formes et les details de leur or. 
" ganiRatiun varieTit beaucniip — au point qu'il est impossible de 
" ranger leura genres Gur uiie meme ligne, et que Ton eat oblige 
" d'cii funner plusieur^j families qui se lient dlversement entre 
" elles par des rapports multiplies." torn. i. p. 121. 

B " Les Marsnpiaus— ponrraiejit presque former nn ordre k 
" part, tont ils offrent de singularites dans leur econoime."toni.i. 
p. L69. 

'i " Wolgre une rcssemblance generale de leurs espetes entre 
" elles, tellement frappante, que Ton n'eii a fftit long.temps 
" qu'un «eul genre, elles different si fort par les denU, par let 
" organes de la digestion et par les pieds, que si Ton s'eu tenait 
" rigoureusement a ces caracteres, il faudrait les repartir entre 
"divers ordres." p. I70. 

' " On dirait, en un mot, que les marsupiaux forment une classe 
■ i^j-^distiiicte, parnllfele a celle des quadnipides ordinaires." p. 171- 
V 2 
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In addition to the natural groups, enumerated 
in the distribution above described, Aristotle re- 
fers to a few marine animals which principally 
belong to the zoophytes of Cuvier, without com- 
prehending them under a distinct name. Of 
that extensive class of animals, called at the 
present day polt/pes, which are the fabricators 
and inhabitants of every variety of coral, he says 
nothing: and of that still more extensive clasa, 
if the term class be not too confined, the ani- 
malia infusoria, he was almost necessarily iguo- 
rant; most of the species being microscopic. 

It appeal's, from a few scattered notices, that 
Aristotle had a faint idea that the specific cha- 
racters and dispositions of animals might be 
altered, from the effect of food and other cir- 
cumstances ; (t*v ^xkv twh TtTpowoSai* wsXXipi at y»f«u 
•KOtiniffi hauftopttv ov fiovov Ttpoi t>iv aXXi^ tm aufucns 
tuyifitptav aAAa Keu Trpoi ro wXtovetKti or/iviaBau Ktu •jtmAii, 
p. 122. Ooa ft.ev CUV jiAXemo-i tyei rai rpiyatf, tul3taif 
yfiBfj^va <TK>^ijpnipai la^U, oia Be axXxpai, ptai-wcvrtpaf 
KM i^ancvi. Ataifiipavut St xmi Kara rsvf xokdus -nvf 6tp^ 
f*eriptvs KM i}/v)(jioripovi. p. 68. 'Ev/er* ynereu tvh fi»- 
voj^oaii' fK fjifXavtav r< km fxtXaytipw Aci/xa — e* it "jvT 
Aeukuv yeiwv iVK toTTTM fii fjifKeo fUTa^aX^av. p. 71.) And 

he mentions particularly one instance of this 
kind, though his reasoning on the occasion ia 
not admissible in the present state of physiolo- 
gical knowledge. In observing that, " as the 
" actions of animals are determined by their na- 




liral affections and physical powers, so their 
" moral habits, and even some of their physical 
" characters, are capable of being altered by 
"their actions;" he says, that "the common 
" hen, if she have fought with and vanquished 
" the cock, will begin to crow, and to imitate 
" the cock in various ways ; and her comb will 
" increase, and her plumage alter to such a de- 
" gree as to make it difficult to determine whe- 
" ther she be really a hen : even spurs, though 
" small, will sometimes grow on her legs." 

( ilaTTip Se T«f v^a^fii Kocra ret vaSv] irvfj-^aivii wtnTaSai 
vaai Toif fuwffi ovTai vakiv Kai ra i;6)j fitTa^a^KivTi Kara 
Taf Trpoi^eii, voWoucii 8* kou rm /topiuv tvia, fiiov en) rSv 
opvt6a>v <rv!x0ami, Ai re yap aXftCTupi^a orav w«^5-wit/ roDf 
ippfvai, KOKKv^dUTi t< fii[Ji.(,Cfi€yai tour apptiai km oytvti* 
i'Kiytip'.vai, Keu ts rt KakXauov i^atptTM avratf *ra/ to ovps- 
vvyii*, tti(7T( /i^ paiiaii «v litiyvwvM on S^KfiOi fiTiy fneuf 
St *raj «rA^KTpa rtva fLiKpa (TravtViTj, p, 302'.) 

The fact is nearly as Aristotle states it ; and, 
to a certain extent, similar facts are observable 
in the human species as well as in other ani- 
mals ; namely, that the peculiar characters of 
the female are occasionally obscured, with re- 
spect both to the physical fomi and the moral 
habits. But, in reasoning on the phenomena, 
Aristotle mistakes the effect for the cause. The 
circumstance of having fought with the cock is 
not the determining cause of the change in the 
■ternal form of the hen : but the alteration it- 
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self in the external form is dependeDt on, or 
at least coincident with an imperfect develope- 
raent, or a subsequent alteration, of the inter- 
nal structure ; which imperfect developement or 
subsequent alteration determines that degree of 
masculine courage which prompts tlie hen to 
fight, and to imitate the male in other ac- 
tions. 

And so it sometimes happens that, iu fe- 
males of the human species, the feminine form 
is either never originally developed, or, by age 
or other causes, becomes so much altered as to 
lose its usual characters ; (yuvJ; S< rat orJ t» ^tWp 

cu (piifi Tpiyai' ickijy tviaii ytynvrai oksyai, vtan Ta Kortt- 

^ijwfl oTji. p. 70.) and, correspondently with the^ 
exterior traces of virility, there is often in such 
cases a masculine temperament of the mind, 
which marks the character of the virago. And, 
on the other hand, from analogous causes ana- 
logous changes are found to take place in the 
male of our own species, or of any species 
nearly resembling our own : for, in &nch in- 
stances, the tone of tlie voice and the general 
form of the body acquire a feminine character; 
and that firmness and resolution, which belong 
naturally to the male, subside to a greater or 
less degree into a feminine gentleness. 

Aristotle, then, had no philosophical notion of 
the laws which regulate tlie occasional variation 
in the specific form of animals ; much less of 
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limitfl of tliat variation : for the accurate de- 
lopement of which, the scientific world, and 
tore than the scientific world, are deeply in- 
debted to the skilful researches and correct 
reasoning!* of Cuvier ; whose fame will rest se- 
^^Burely on this natural and imperishable basis, 
^■Uien bis own and all other artificial systems of 
^^■tossificiition, for artificial we can see them to 
^^■e even in the present state of our knowledge, 
^^kill probably have been overturned by the force 
^*^)f those new views of nature, which must neces- 
sarily result from the contemplation of the nu- 

merous and varied phenomena which are ra- 

^Ksidly accumulating in this department of know- 
^^Bedge. The field, indeed, in which Cuvier has 
laboured, with such advantage to science as 
well as honour to himself, is the investigation of 
the conditions which accompany the develope- 
ment of individual and specific form : and the 
result of his labours has afforded a splendid in- 
stance of the wonderful effect which the powers 
of the human mind are capable of producing, in 
a subject apparently of the least intrinsic in- 
terest and of the most unpromising aspect. The 
explanation of his views which 1 shall now at- 
tempt to offer, while it may tend to make known 
the particular merits of this philosopher to a 
class of readers, who at present are acquainted 
with little more of him than his great name, will 
certainly accord with the general object of this 
treatise. 
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In the preliminary discourse of his work en- 
titled " Ossemena Fossiles," he statfis that the 
great principle in the study of comparative ana- 
tomy is this — that in every animal the several 
parts have such a mutual relation, hoth in form 
and function, that if any part were to undergo 
an alteration, in even a slight degree, it would 
be rendered incompatible with the rest ; bo that 
if any part were to be changed, all the other 
parts must undergo a corresponding change: 
and thus any part, taken separately, is an in- 
dex of the ciiaracter of all the rest. This law 
of the co-relation of parts is indeed so defined, 
that even a portion of a bone may often serve 
to verify the species of the animal to which it 
belonged (p. xlv). 

We know how successfully Cuvier has ap- 
plied the foregoing principle in establishing the 
true character of fossil species, of which the im- 
perfect remains, or fragments of remains, are 
both few and of rare occurrence. The perma- 
nency however of specific character does not 
hold in every part of the organization ; and 
hence there is an occasional imi>ediment to the 
application of the principle : but the variation 
never proceeds beyond certain limits; and there- 
fore no more interferes, eventually, with tlie 
uniformity of the specific character of animals, 
than the periodical oscillations of the celes- 
tial bodies counteract the general regularity of 
their motions. 
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■"We are now therefore to consider the nature 
of the disturbing cause, if I may borrow that ex- 
pression for a moment, which occasionally in- 
terferes with the unifonnity of specific character. 
And, with respect to specific fonns, it may be re- 
marked, that, although it is to a certain extent 
true that all organized bodies have the power of 
producing beings resembling themselves, yet 
circumstances of temperature, and of quantity 
or quality of food, and other causes, have usually 
some influence in the developement of the body 
of each individual ; thereby producing some cor- 
responding variation in the form : and, conse- 
quently, the resemblance between the parent 
and offspring is never perfect. But — and this 
is a fact of the highest importance — there is no 
ground for believing that such variations pro- 
ceed beyond certain limits; no ground therefore 
for believing that any of the above mentioned 
circumstances could have produced all the dif- 
ferences perceptible in organized bodies; could 
have advanced for instance, by a gradual alter- 
ation of structure, a lower to a higher species. 
Experience, on the contrary', founded on an ex- 
amination of the records of remote antiquity, 
seems to shew that the limits of variation were 
ever the same that they are now. It appears 
for instance from the mummies of Egypt ■■, that 

'' Vid. Cuvier, Ois. Fiwts. i. Disc. Preliui. |i. 75. BO. 
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the general form, and size, and proportiona were 
the same three thousand years since, that they 
are at present; as well in various other animals 
as in man ; and in all physiological probability 
therefore were the same three thousand years 
before that period : so that we cannot refuse to 
admit, that certain forms have, without exceed- 
ing the limits above described, been perpetuated 
from the creation. 

From various circmnstances, however, as has 
been already stated, the offspring never exactly 
resembles the parent ; and by the extension of 
those causes which occasion a difference of cha- 
racter, the variation from the common parent 
may possibly become so great, and so perma- 
nent in individuals of the same species, as to ex- 
ceed in some respects the difference observable 
in individuals of different species. Such ap- 
pears to be the fact, when, in the dog species, 
we compare tlie greyhound with the turnspit ; 
or the Newfoundland-dog with the Blenheim 
spaniel : and yet, even in such instances, which 
perhaps may be considered iis comprising the 
extreme limits of variation, the specific character 
is never so far obscured, but that a child who 
had been accustomed to see a variety of dc^, 
and also of other animals, would recognise the 
character of the dog in each individual of that 
species. 

It is true, indeed, that it would be difficult not 
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nly for a child, but even for the most experi- 
enced observer, to define those characters by 

which the specific resemblance is reci^iiised 

^^||q>on a transient view of the animal. Yet, ai- 
^^pbough not obvious on a superficial examina- 
^H|JK)n, nature has not left this point undefinable : 
^^H^, in almost every instance, the form and 
^^Mmmher of the bones are no accurately pre- 
served, that, however the colour, or the size 
and the general form of the body may be al- 
tered, we have satisfactory criteria of the spe- 
cies in the points just mentioned. But, of all 
^^plhe constituent parts of the body, this obser- 
^^■jKltion holds most eminently with respect to 
^^■he teetii : and in the case of quadrupeds, 
^^kfaich principally constitute the highest class 
^^■ir the animal kingdom, and in which class 
^^Tdone any considerable degree of variation is 
likely to be observed, we have almost always 
a ready mode of judging of the identity of 
specific character by an examination of the 
teeth ; for they in almost eveiy instance have 
teeth, which are entirely wanting throughout 
the whole class of birds, and often in reptiles 
and in fish. 

in investigating the remote causes of specific 
variation, we find that domestication is the most 
general and extensive ; and that the effects are 
produced principally by the joint operation of 
-^the following means, namely, diet, general regi- 
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men, and the due Belection of indiriduals for the 

purpose of breeding "'. 

While animals exist in a state of nature, it 
' does not appear that the circumstances in which 
tiiey are placed give rise to much variation, 
even in their external and fugitive characters. 
A uniformity of size and colour is usually ob- 
servable in the several individuals of the same 
Bpecies; as in the instances of the wild cat and 
rabbit. Nor is the character liable to be changed 
by intercourse among individuals of different 
species. Although, for instance, the hare and 
rabbit are so nearly allied in form and size and 
colour, we never meet w*ith a hybrid or mule of 
those species. 

In domesticated species a variation first in 
•colour, and then in size, usually takes place, to 
an extent proportional to the degree of domes- 
iication. Cats, which are less subjugated to 
man than horses or dogs, vary little more than 
in colour; scarcely at all in size. And iu horses, 



"> Burckhardt observt^s, in his aoten on the Bedtnuns, p. ill, 
and 139, that in barren parts uf the deisert of Arabin, or in awi- 
SDns of itcarcit}', caiitela aiid sheeji du not multiply no ext«naivuly 
«e in fertile plains and seasons, A similar observation would 
probably hold good with respect to the ratio of iiicr«8M amimg 
tite Tchutgki and other tribes of north.ea8tem Ruaititt, and the 
inhabitants of New Hulland ur any other port of tlie world 
where the supply uf food ix scnntv- 

See, on this auhject, a letter, published by sir John .Sebright 
in 1809, on the art of improving the Inveds of domestic animuhi. 
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•^oo the same principle, there is a less degree of 
variation than in dogs. In the dog, which is of 
all species the most domesticated, the variation 
extends to the production of an additional toe, 
and corresponding metatarsal bone in the hind 
foot". And in the human species, in the indi- 
viduals of which, from their varied intercourse 
and modes of living, the limits of variation may 
antecedently be expected to have the widest 
range, there are families having six fingers. 

In concluding this part of the subject, I 
would observe that the principle, which we have 
just now been examining, is of very great im- 
portance as the basis of a physiological argu- 
ment with reference to the identity of the hu- 
man species throughout the world. For, inas- 
much as all the variations in colour, form, and 
size, of the different nations of mankind, come 
within the acknowledged limits of specific va- 
riation in the animal kingdom, we have hence 
satisfactory physiological proof that all the va- 
rieties of the human race may have proceeded 
from one common parent. Of the truth of the 
general position indeed, of which the human 
species is a particular instance, the work of 
Aristotle now under consideration is in itself a 
strong ailment : for, notwithstanding the lapse 
of ages which has taken place since it was writ- 
ten, the description of many species is so accu- 



Ann. du Mus. turn, i 



;. p. 342. pi. lil. 
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rate, as to leave no doubt of the identity of those 
described by Aristotle with those to which tiie 
description is applicable at the present day". 



On tkotc Animal Forms called Monsters, or Luiui datura. 
The subject of the present section is natamlly 
connected with that of the latter part of the pre- 
ceding: and, although the occasion neither re- 
quires nor would justify even a brief examination 
of the laws which regulate the formation of mon- 
sters, or hism naturae, as they are often called. 
especially as they have been lately illustrated 
by that ardent French physiologist Geoffroy St. 

" It i^an hardly CKcnpe cibxtTviitioii, or fail to excite nirpriw, 

tllAt in tlie work nt>»' under consiileratiun, Aristutle usually 

I oonteuts himself with atatiug facts: he very rarely rfasuns on 

r final muses ; thus omitting whnt Curier valU one uf tW 

it beatitiful nnd useful points in natural history. Tlie fi^low- 

[ JBg ue, I believe, the only inatoncscs in which he de^t^K fnnn 

1 inere description, lie observes, when spookttig of &%\i, tbut B 

great OToportiuti of the sptm-ii of those oiiiiuuU i» destroyed in 

p mriuti ways; and tliut if this M'ere not the case the kjiivIpi 

I 'troidd become too numerous. (Ta jiiv itdXXo ^ oi Spptrtr mra- 

[, Ti ff oiriiXXvrai tv Tip iyp^' Sira 8' av AcWicttwi* tit row 

r (II ail teriiTOf D-t, ravra vufirai' «i yip ndi^a i<riiltTo, wo/urXij- 

ri yiiio! ^r imifrroi'. p, 169.) On another occasion he ob- 

1, that though the spring is the general Reason for pro]mga- 

tion, yet occasionally the rule is set aside ; where, for instsnei!. 

(fie preservation of tlie uJTspnng is the result. ('Op^t^ruHmra fU» 

ovp lae mi ri itaf dirtip irpos rijv ij^fiav tTjv rapw^v upav rtrrii'' ov fiffv 
t4 mora yc iroltirai rdr avr&w Kaipiv tSjc Axilai, SK^h irpitt rtif iwrpo- 

. i^lff T(Of TtltMBV in roit HD^ICOVO-I toipnu. p. IKl,) 
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Hilaire ; it will not be perhaps considered im- 
pertinent to make a few observations on tliose 
remarkable productions, considered with respect 
to one of the probable final causes of their ex- 
istence. 

The term lusvs nature is applied to those na- 
tural productions, which vary in any remarkable 
degree, with respect to form, colour, structure, 
size, &c. from the general character of the indi- 
viduals of the same species. The term literally 
taken, implies a sportive effort of the creative 
power of Nature ; and for the purpose of gene- 
ral description there is no objection to this term, 
being, as it now is, familiarized by long con- 
tinued use. But as we have no ground for sup- 
posing that nature, or, to use the more proper 
expression, that the providence of the Creator 
ever acts without some wise and beneficent pur- 
pose, we must consider the term in a philoso- 
phical point of view, as expressing an effect, of 
the natural cause of which we are ignorant. 

What, then, is the real character of those un- 
usual productions which are denominated Iusks 
TtainrtF, or monsters ; or, in other words, for what 
end has Providence ordained that such produc- 
tions should be formed and subjected to our 
observation ? And here, as has been observed 
in another part of this treatise, it will be found, 
upon even a cursory examination, that in a tusiis 
natura the character of the species, however 
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obscured, is never lost. There is no ground, ia 
short, for supposing that nature has ever pro- 
duced such an individual as a chimera or cen- 
taur. And Lucretius"s scepticism in this point 
is justified on truly philosophical principles; on 
the diflerence namely of the physical constitu- 
tion of the horse and of man : the horse at the 
end of his third year being full-grown, while 
man is yet almost an infant; and the horse 
being decrepit in his twenty-fifth or thirtieth 
year, when man is in his full vigoiirP. 

In pursuing this investigation, it would be ob- 
vious to ask, what are the limits which separate 
a iusiis nature from tlie ordinary individuals of 
the same species? and we shall soon find that 
^these limits are, in the majority of instances, uu- 
definable. 

If, indeed, in comparing the several organs, 
agreement with respect to number be the crite- 
rion, the limits are for the most part fixed. 
Thus the human hand so very generally cou- 
eists of five fingers, that an instance of an indi- 
vidual having more or less than five fingers 
■would he justly esteemed an instance of a iusas 
nature. Bnt even number is not always an ac- 
^ 8ed neque Centaiiri fueruot, neque temportr ia ulli] 

Esse quest diiplici natura, et cnrpore biiio 

Ex alienigenia nieinbris compacta jM>teataB — 

Principio, circum tribus actis impiger annis 

Floret e<]uii!«, puer Laudquoquain, &c. 

Lib. V. RJft— 8(fl). 
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Bwledged criterion ; for, with respect to the 
teeth, though thirty-two is the usual number in 
the human subject, yet the instances of persons 
having only twenty-eight are so frequent, that 
we can scarcely class them as deviations from 
the common law. 

But if size, or colour, or form be made the 
criterion, we evidently cannot then fix the limits ; 
for in alt these points there is an endless variety 
in individuals of the same species ; so that it 
might perhaps be truly asserted, that out of the 
countless myriads of human beings that inhabit 
the earth, nay even out of all that have existed 
since the creation, no two individuals would be 
found to resemble each other, exactly, in even 
any one of those points. And in this wonderful 
diversity the infinite power of the Deity is dis- 
tinctly manifested : for, in tlie exercise of human 
fikitl, the most accomplished artist, as soon as 
he ceases to copy an actual individual, falls 
into tliat general similarity of outline by which 
we are enabled to ascertain his style upon the 
first view. 

If, in the pursuit of our inquiry, we appeal to 
tlie distribution of the internal organs of the 
body, we shall find, that though with respect to 
many the position is determinable with con- 
siderable precision, yet with respect to others, 
the smaller veins and arteries, for instance, the 

nation is endless. But — and this most highly 
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deBerres our attention — if we consider the uses 
of the parts with reference to the precision of 
their position, we shall find, that the position of 
those is most constant, the uses of which are 
most important ; wliile the distribution of those 
parts, the position of which may difier to a con- 
siderable extent without inconvenience to the 
individual, is found to be continually varying. 

Now as this law of deviation from the usual 
structure does not seem at all to depend on the 
construction of the parts themselves; and as 
the result is necessarily connected with the well- 
being, and even the life, possibly, of the iudivi- 
dual ; we cannot consider this result as the ef- 
fect of chance, or want of design : for, if chance 
► could be admissible as the cause, why should 
one class of phenomena be so much more fre- 
quent than the other! And with equal or stUI 
greater force we may apply the argument to 
the existence of those productions emphatically 
called monsters. Probably then, or rather as- 
suredly, these anomalous productions may, in 
addition to other ends, be considered as proofe 
of a particular or constantly superintending 
Providence ; and, like the storms which occa- 
sionally ravage the surface of the earth, may 
awfully recall to our minds the jwwer of the 
Deity, while they at the same time convince us, 
by the rarity of their occurrence, of the merci- 
ful beneficence of his nature. 
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CHAP. XI. 
Conclusion. 

IT has been the immediate object of the pre- 
ceding treatise to demonstrate the adaptation of 
the external world to the physical condition of 
man : and, either in considering him merely as 
an individual, or as a component member of 
any stage of society, it may be freely admitted 
that every step in the investigation has tended 
to confirm this genera! conclusion, that — whether 
from chance, (if any philosophical mind acknow- 
ledge the existence of such an agent as chance,) 
or from deliberate design — a mutual harmony 
does really exist between the corporeal powers 
and intellectual faculties of man, and the pro- 
perties of the various forms of matter which 
surround him ; the material constituents of all 
nature being as evidently adapted to the supply 
of the wants of his body, as the contemplation 
of their causes and relations to the exercise of 
his mind. 

We have seen that from the surrounding 
atmosphere he is constantly supplied with that 
respirable part of the air, which alone can sup- 
port the breath of life ; and which is demanded 
for that purpose during almost every moment of 
his existence. We have seen that from the same 
source are derived those imiversal and important 

|ents, water and heat and light, which are 
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equally though not so immediately necessary, afl 
air, to the wants of man. We have seen again, 
that the mineral kingdom, though it does not 
directly contribute to the support of life, yet in 
the form of natural soils sustains the growth of 
, every kind of vegetable ; and that on tlie nn- 
triment derived from this source all animal life 
essentially depends : we have seen that the 
same source also supplies those various metallic 
and earthy bodies, the uses of which are most 
extensive and important in promoting many of 
the arts of civilised societj-. And, lastly, that 
the advantages derivable from the vegetable 
and animal kingdoms are, eventually, neither 
of less extent and importance, nor their adapta- 
tion to the physical condition of man less ob- 
vious, than those of the mineral and 
pherical. 

It would have been easy to demonstrate that 
an equally obvious but infinitely more import' 
ant harmony exists between the external world, 
and the moral condition of man, as between. 
ih&t world and his physical condition : but this- 
province had been assigned to others ; and all 
systematic reference to that harmony has there- 
fore been studiously avoided — though tlie con- 
stantly recurring difficulty has been to abstain 
from such a demonstration. 

But, it may possibly be observed, both the 
physical and mora! relations of man are in- 
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ritably soon cut short by death : and though, 
in many instances, societies continue to be bene- 
fited through successive ages in consequence of 
the efforts of individuals, who have long since 
ceased to live, yet in many instances, on the 
other liand, the memorial not only of individuals, 
but of nations also, entirely perishes ; and all 
things apparently proceed, as if those indivi- 
duals and nations had never existed. 

Shall we then, in concluding this treatise, 
simply admit the existence of that harmony, 
the illustration of which was its professed ob- 
ject; and in admitting that existence shall we 
at the same time express our gratitude to that 
Power, which has thus amply provided for the 
physical wants of man, and for the develope- 
ment of his intellectual faculties] That indeed 
would have been incumbent on us under any 
circumstances; and without any qualification 
arising from the partial occurrence either of 
disease, or famine, or any other form of physical 
evil. 

But, since they, to whom this treatise is ad- 
dressed, are conscious that some ulterior cause 
exists for tlie adaptation of the external world 
to the nature of man, beyond the transient suj>- 
ply of his i>hysical wants, or even the exercise 
of his intellectual faculties ; to have exhibite<l 
the bare fact of that adaptation, without some 
ice to its final cause, would have been to 
z ;( 
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leave the whole argument without its just con- 
clusion. 

Avoiding however the presumption of specu- 
lating on the nature of a future stale of exist- 
ence, we may, without any impropriety, assert, 
on the authority of revelation, that the happi- 
ness or misery of that state will depend much 
on the use we have made of that external world 
which surrounds us ; and will coincide with the 
prevailing character of those habits which we 
have contracted in this life. 

This then is the sum of the M'hole argument. 
The Creator has so adapted the externiil world to 
tlie moral as well as the physical condition of 
man, and those two conditions act so constantly 
and reciprocally on each other, that in n compre- 
- hensive view of the relation between the exter- 
nal world and man, we cannot easily lose sight 
of that most important connexion. And, if we 
extend our views to a future life, we are taught 
that the moral state, which has been induced by 
our prevailing animal or intellectual habits in 
this life, will be continued and perpetuated eter- 
nally in the next — " that in the place where the 
" tree falleth, there it shall be" — that " it is ap- 
" pointed unto men once to die ; but after this, 
" the judgment." 

Have we then, to refer first to our animal 
wants and desires, have we indulged without 
re&traint in the pleasures of sense ; shrinking 
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1 every breath of heaven, unless previously 
tempered with luxurious warmth, and impreg- 
nated with the perfumes of the east '. Have we 
weakened our intellectual faculties, and brutal- 
ized our moral feelings, by habitual inebriation ; 
abusing that gift of Heaven, which was intended 
as a restoration of exhausted nature I Instead of 
simply satisfying the calls of hunger by plain 
and moderate diet, have we provoked and pam- 
pered the appetite by all the luxuries which 
the animal and vegetable kingdoms can supply, 
till at length all appetite has been destroyed ; 
pain and disease have been induced ; the human 
form and feature have been lost under a mass of 
loathsomeness and comiption ; and death, long 
Avished for, yet dreaded, has arrived at last ? 
we shall awake hereafter in another world, but 
in unaltered misery; without the hope of any 
second offer of release from the impurity and 
everlasting punishment of sin. 

Or. to refer to the intellectual part of our na- 
ture, in contemplating for instance the starry 
firmament, and in calculating the unerring mo- 
tions of the heavenly bodies, have we been con- 
tent to characterise the certainty aud regularity 
of those motions as the result of necessity, or of 
the laws of an undefined agent called nature.' 
And in thus failing to acknowledge explicitly 
the Autlior of those laws, though not indeed 
fivmaUy denying his existence, have we, ijke 
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the nations of old, worshipped the creature, 
rather than the Creator; and bowed down owr 
knee, as it were, to the host of heaven? — we 
may in that case hereafter suffer the penalty of< 
Onr intellectual pride, in a mode severely just. 
The mind, which in this life failed to exercise 
its highest functions by adoring the Deity in 
the contemplation of his works, may be for- 
bidden to extend the exercise of those functions 
in the next; and, while it looks back with un- 
utterable torment to the forfeited pleasures of 
its former state, may be condemned, with tor- 
ment infinitely increased, to expatiate eternally 
through new fields of knowledge, without the 
Capability of even putting the sickle to the 
boundless harvest which they present. 

But if, happily, we have pursued a wiser 
course; if, with Newton, we have delighted to 
deduce from the contemplation of the mechan- 
ism of the heavenly bodies the power of Him 
who made them, and who alone sustains and 
directs their motions ; we may, and with facul- 
ties infinitely expanded, cultivate with him the 
same pure pleasures, which even on earth ab- 
stracted his desires from earthly wants ; and, 
enraptured witii the harmonious movements of 
those endless systems, which neither our pre- 
sent organs can see, nor our present faculties 
apprehend, we may continue to be constantly 
acquiring new knowledge, constantly absorbed 
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in new wonder and adoration of that Power, from 
whom, both in this world, and in that which is 
to come, all knowledge, and every other good and 
perfect gift are alone derived. 
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xxAVING considered* in the preceding pages the general 
opinions of Aristotle respecting the physiology and classifi- 
cation of animals, I propose in this Appendix to make 
a selection from his descriptions of some natural groups 
and individual species of animals, for the purpose of com- 
paring them with the corresponding descriptions of Cuvier ; 
confining myself, however, exclusively to the mammalia, 
which constitute the first class of vertebrated animals. 
And, as an introduction to that selection, I shall prefix a 
comparative view of the observations of the same two au- 
thors on some points connected with the general physi- 
ology of animals; presenting the whole in the form of 
two parallel columns, as the most convenient mode of ex- 
hibiting the comparison. In each column I shall endea- 
vour to give a free but faithful translation of the original 
passages, followed by the original passages themselves^. 

However extensive may have been the information of the 
ancients in that department of natural science which is now 
under consideration ; and however capable a mind like that 
of Aristotle must have been of deducing general conclusions 
from a systematic examination of facts, sufficiently numerous 
and various, for the purpose of efiecting a natural classifica^ 
tion of animals, it could not reasonably be expected that, 
antecedently to the knowledge of the circulation of the 
blood, and of the true character of respiration, and also of 

• In order to abridge as much as possible the number and length of the ex- 
tracts, I have occasionally merdy stated a oondiision drawn from several se- 
parate paragraphs. In such instances I must daim credit for having ri^tly 
nndentood, and fairly represented, the context. 
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the physiology of the absorbent and nervous sy&tems, a na- 
tural classification could have been accomplished on prin- 
ciples so satisfactory as at the present day. And those in- 
f ^viduals pay a very absurd homage to antiquity, who, on 
[ occasions like the present, would place the pretensions of 
I the ancients upon an equaliiy with those of the modems: 
I for the question does not regard the original powers of the 
*• mind, but the amount of accumulated knowledge on which 
[ diose powers arc to be exercised ; and it would indeed he 
I extraordinary, if, inverting the analogy of individuals, the 
I Irorld should not be wiser in its old age, than it was in iu 
I infancy. 

In comparing, then, the zoology of Aristotle with that uf 
I the moderns, it has not been my imentioo to prove that the 
. dassification of the one is built upon equally clear and exten- 
sive demonstrations as that of the other ; but to shew, as iii 
bannony with the general object of this treatise, that, even 
D the very dawn of science, there is frequently sufficient light 
i to guide the mind to at least an approximation to the truth 
. much nearer approximation, indeed, than could have 
been antecedently expected by those who are not accustomed 
I to refiecl philosophically on the uniformity of the laws of 
I nature. Thus, as has been already mentioned, the advaitce- 
ment of science has shewn the existence of such a general 
I coincidence and harmony of relation lietween the several 
component parts of an individual animal, that even a 
I partial acquaintance with the details of its structure will 
f frequently enable the inquirer to ascertain lU true place 
I In the scale of organization. And hence, allliough Ari- 
I Motle knew nothing of the circulation of the blood, or oT the 
Erneral physiology of the nervous system, and even compa- 
ratively little of the osteology of animals, yet subsequent 
discoveries have scarcely disturtied the order of his arrenge- 
nieiit. He placed the whale, for instance, in the same na- 
tural division with common quadrupeds, because he saw 
that like them It is viviparous, and suckles itK young, and 
respires by lungs and not by gills; and with viviparous 
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quadrupeds it is still classed : the circulation of its blood, 
as well as the arrangement of its nenroas system, being es- 
sentially the same as in that class of animals. And, not- 
withstanding the difference of its form, its osteology, which 
holds an analogy throughout with that of quadrupeds, is 
the same actually in a part where it would be least expected: 
for, with the remarkable excepUon of the sloth, all vivipa- 
rous quadrupeds have exactly seven cervical vertebrae, and 
so has the whale; whereas fish, to the general form of 
which the whale closely approximates, having no neck, have 
no cervical vertebrae ; and the deficiency of the neck in fish 
was recognised by Aristotle^. 
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Aristotle. 

In some animals there is a 
mutual resemblance in all their 
parts; as the eye of any one 
man resembles the eye of every 
other man : and it is the same 
with respect to the constituent 
parts of horses^ or of any other 
animals^ which are said to be 
of the same species : for in in- 
dividuals of the same species 
each part resembles its corre- 
spondent part as much as the 
whole resembles the whole. 

^E^ci dc rnv {<^v tvia fuv irosra 
rk f»j&pui ravrh dXX^Xoir, tvia d* 
h-tpa. Tovrh bi r^ fiiv ctdci r&v 
liopl»v ttrrhf, oioy ca^pwmv pis 
tmi i<fiBakfjAs w^Bp^mv ^\ mil 
difMkft^ Koi trapKl vhp^ Kiii oorf 
JoTovr* rbv avrhv de rp6no¥ icul 
iinrou Koi rwv akkttv {^p, Bca n^ 
ttdti Tccifrii Xcyo/icv iavroU' SpoUn 

^ Av;^M t §ithit 



Cuvier, tom. I. 
Every organised body has 
its peculiar form ; not only ge. 
nerally and exteriorly^ but even 
in the detail of the structure 
of each of its parts; and all 
the individuals which agree in 
the detail of their structure 
are of the same species. 



Chaque corps organise a une 
forme propre, non-seulement 
en g^n^ral et a Text^rieur^ mais 
jusque dans le detail de la 
structure de chacune de ses 
parties, p. 16. et tous les ^tres 
appartenans a Tune de ces 
formes constituent oe que Ton 
appelle une esp^. p. 19. 
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ArUiotle. 
y6p ^trmp t6 SKop Ix** wpin r6 
Sktuff Koi rmp /toplmp 2x«« Hiuurrov 
irp6f haoTov. p. j . 



Cutner, torn. I. 



All animals have cei'tain 
common organs^ by means of 
some of which they lay hold 
of^ and into others of which 
they convey, their food. The 
organ by which they lay hold 
of their food is called the 
mouth ; that, into which they 
convey it^ the stomach: but 
the other parts are called by 
various names. The form and 
relative proportions^ structure, 
and position of these parts, are 
the same in the same species, 
but vary in different species of 
animals. 

Udrrav d* corl ray (t^v Koivh 
fi6puZf ^ HfX^Tcu r^ rpo<fi^v Koi 
tls t dexfTat* — KoXeirot d* ^ 
fUv \afjL^av(iy arSfjLay cir 6 de dc. 
;(fTat, KoiXia' to dc \onr6v wo- 
\va>vvfji6v ioTiv. — Tavra d* forri 
rairra Ka\ (Tcpa Kara tovs flprj^' 
pdvovs rp&jTovSy fi kqt et(5o£ § Kaff 
vrrfpox^v § Kar avcikoyiay fj rfj 
0€<rti dia<f>€povTa, p. 6. 



In addition to the mouth 
and stomach, most animals 
have other common parts by 
which they exclude the refuse 
of their food : but in some ani- 
mals these parts are wanting. 

Mer^ dff Tavra AAo Koivti p6pia 



The leading character of 
animals is derived from the 
existence of a reservoir for 
their food, that is, an intesti- 
nal canal, the organizaticm of 
which varies according to cir- 
cumstances. 



De la (le reservoir d'ali- 
mens) derive le premier carac- 
tere des animaux^ ou leur ca- 
vite intestinale. — L'organisa- 
tion de cette cavite et de ses ap- 
partenances a du varier selon la 
nature des alimens. p. 21, 22. 



The lowest animals have no 
other outlet for the refuse of 
their food, than that by which 

m 

they admit the food itself. 



II n'y a que les demiers des 
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ArisMle. 

TovTots, j iufiixiiri rh frtpfrrtifia 
TTJg rptKPfjs — oif yhp ncurw irndp^ 
X«i rovro, p, 6. 



There are fibres of a peculiar 
kind in the blood ; by the re- 
moval of which that fluid Js 
prevented from coagulating : 
but if they are not removed^ it 
does coagulate. And through 
defect of these fibres the blood 
of the deer and of some other 
animals does not coagulate. 

"Earn dc Koi akko y(vot Iv&v, t 
yivrrm fuy €V cufAori* — a»i^ i^ipov^ 
IU9W¥ €K Tov (Uftaros oit irrfytnmu t6 
alfM, tap dc fi^ 4(aipt6wn, wfffW' 
T(u, p. 64. *Ev fiiv olv rf rw irXct- 
OTODy cufjtari C<^y i^vfiirip, iv dc rf 

Xidoff Koi SKXtiv TUf&¥ oIk tvturiv 
Ip€s' M kcX oh injYWTtu avrny t6 
tufia Sfioimt rocs ^(XXoir, dXXh r6 
fuy T&y iXafPt^y wapa/rXtfO'ltn rf 
T&y taaw6d»y c. p. 65. 



The particular senses are 
five in number, sight, hearing, 
smell, taste, and touch. Of 



Cutfier, torn. I. 
animaux ou les excremens 
sortent par la bouche, et dont 
I'intestin ait la forme d'un sac 
sans issue, p. 41. 



The blood contains a prin* 
ciple called Jihrine ; which, 
within a short time after the 
blood haskbeen withdrawn from 
the body, manifests itself in 
the form of membranes or fila- 
ments. 



(Le fluide nourricier, ou le 
sang) — contient la fibrine ^ 
la gelatine presque toutes dis- 
posees a se oontracter et a 
prendre les formes de mem- 
branes ou de filamens qui leur 
sont propres, du moins suffit-il 
d'un peu de repos pour qu'elles 
s'y manifestent. p. 27* 



The most general external 
sense is that of touch ; its seat 
is the surfiaoe of the whole 



• It is desenring of notice, that the aninuds whose blood it said not to ooa- 
gahite ara such as are usually killed in hunting; and it is nnderstood by phy- 
siolagists in general, that ezcessiTe exercise and violent mental emotions, both 
which occur in hunted animals; prevent the blood from coagulating. Two of 
the spedes here mentioned by Aristotle (v^a^ u>d ittrCirtvf or Xmy»t$s) are 
mentioned by Homer as commonly hunted : 

Atyms ir' Jty^ifmf^ ff)l 9^»mtt iM XayMVf . Odtss. P. 395. 
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ArUtaile. 
tkeae the sense of touch is 
alone common to all animals ; 
and is so generally difiiised 
over the whole body, that it is 
not said to reside in any spe- 
cific part. All animals do not 
possess all the senses; some 
possess only a part of them. 
But no animal ia without the 
fifth sense, that of touch. 

"Blcrl d* al {aUr$ffa-€t£) irXcumat, 
KoL trap* &t ov^fiia ^Mivtrai Idiot 
irtpOf nhrrt rby aptjByAv^ ^^r> 
dieo^, ii(rfl>pvfa'is, ytwrig, affuri, p. 
100. Haat di roit C^f tiUrBtfint 

Arrf ifial i¥ f aSrtf fioplf yUwrBai 
wt4>vKw, MMfVft^if iaraf, p. 7* 
Od yiip 6fioimf waauf vKopxpwra 
(a2cr^^<rciff), dXXck row fiuiv wactu 
rait y iXdrrovt, p. 100. Trfy d€ 
wtfitmiy tuaBrja'iv r^v acp^v icaXou- 
fiivrjv — 7r6yT ^« f^. p. 101. 



All animals which draw in 
and breathe out the air have 
limgs. Those animals which 
employ \vater, analogously to 
air^ in respiration, have gills. 

^0\as dc irdvra 6aa rhv aipa 
i(\6fjicva dvairvfl Koi €Kirv€i, ttovt 
e^ci irv€Vfiopa, p. 43. Ta fiiv oZv 
dydkoyov rfj avtmvo^ ;(pa>/icva r«f 
vyp^ fipdyxia ?;(«. p. 215. 



Animals in general appear 
to have a certain degree of in- 
tellectual power, and some are 



CuvKT, torn. I. 
body. Many animals are witlu 
o«t the sense of hearing, and 
of smell, and of sight. Some 
haire none of the senses except 
that of touch, which is never 
wanting. 



Le sens exterieur le plus ge. 
n^ral est le toucher ; son siege 
est a la peau, membrane enve- 
loppant le corps entier. p. 36. 
Beaucoup d'animaux man. 
quent d'oreilles et de narines; 
plnsieurs d'yeux ; il y en a qui 
stmt reduits au toucher, lequel 
ne manque jamais, p. 37- 



When the element subser. 
vient to the process of respinu 
tion is the air, the organ of re. 
spiration is the lungs: when 
water, the gills. 

Quand cet element est de 
Tair, la surface est creuse, et 
se nomme poumon; quand c'est 
de I'eau, elle est saiUante, et 
s'appelle branchie, p. 43. 



Even the most perfect ani- 
mals are infinitely inferior to 
man in the intellectual facul- 
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Aristotle. 
cnpitble of instruction. Some 
uiunols are cantious ; enme 
are cunning. IMaii alone is 
capable of meditation and re- 
flection. Many animals pos- 
sess memory : no animal hut 
mnn is capable of recollection. 



I 



Hvofiiii — F<jn' Tt ijip6vt)air 
(a! fvi/Sitar — Irta fit kowuhi riyic 

Xias. pt 2 J 1 . Td niv ^piuiiut — 
rk i' in'^ovkar — BouXivtikAv hi 

ftXXo Svvorat jrXijif ouBptaTim. p. O' 
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ties ; although it is certain that 
their intelligence performs si- 
milar operations to those of the 
human mind: and they ore ca. 
pable of instruction. Man has 
the faculty of ussociatiiig his 
general ideaa with pnrticular 
imBge» of a more or less arbi- 
trary character, but easily im- 
printed in his memory, which 
serve to recall to him the fu- 
neral ideas which they repre- 



les plus par- 
faits sont infiniment au-dessous 
de I'hfimme pour les facultes 
intellectuelles, et il eat cepen- 
dant certain que leiir intelli- 
des operations 
genre — ils acquie- 



k 



In the greater number of 
animals tliere are traces of the 
moral affections of man ; for 

fierce. And the same thing 
may be very readily discerned 
in children, for in them we 






t jmi 



e cer- 



B des choses. 
p, ."il, U2. L'homme a la 
faculte d'ossocier ees idees ge- 
nerales a des images partica- 
Jiires et plus ou moins arbi- 
troirea, sisees a graver dons la 
memoire, et qui lui serrent a 
rappeler les idees generales 
qu'elles representent. p. 50. 

Animals are susceptible of 
emulation, and jealousy, &c. 
In short, we may observe in 
the higher ;mimals a certain 
degree of the reasoning faculty, 
which appears nearly the some 
with that of infante before 



^^^H 9M ^^^^1 


^^H 
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^^^^■^^ may perceive the germs of 


thtiy have acquired the powfl 


^^^^^^1 their future habits; and 


of speech. ^^K^M 


^^^^^^^H deed the dispositions of bnman 


^H 


^^^^^^^H beingH at that early period of 


^^H 


^^^^^^^H life do not differ from those 




^^^^^^1 of the 




^^^^^^^H "Suirri yAp Sv roit TrXfftrroii 


Il8 sont susceptihles d' emn* 


^^^^^^^H Kol T^V AXXruV ffKrw IXVI? Tam 


ktion et de jalousie — eo U4 


^^^^^^^^^H mpi Tijv ^X^v Tp&ttaai, amp rirl 


mot, on aper9oit dans l«s sm* 




maus superieura un ceitaia 


^^^^^^ T^ iiaif^pii. p. 213. Td Fi» 




^^^^r -ynp (OTi irpoa — ra 9( dv^M^ij. p. 


tous sea effeta bons et mauv-^i^ 


^^^^^^ (!. 4aitpuraT-oi> d' (orl ti^ roMv- 


el qui parait etre a peu pres la 


^^^^^^ rov <nrt Ti)>< Tur 


meme <]ue celui des enfiitti 


^^^^^^^^^H ^ti^iri)'' ^v rotJTDic yap riai fiiv 


lorscju'ils n'out pas encore op* 


^^^^^^^^^1 Strrrpov tftur (irufiiVuv f(ml- ijfiv 


pris a parler. p. 62. 


^^^^^^^^^H elav Ix*^ lai tntipiurra, 6iaij>4pti 




^^^^^^^^^H tf ov$iv Sis tiittw ri inijfil r^s 


• 


^^^^^^M ^pUtr ^xfi! larh rb* xf^""' "v- 


* 


^^^^H p. 


' 


^^^^^^^H As man posseiows contriv- 


In Bgrrat number of iwinA 


^^^^^^^H snce, and wisdom, and com- 


there exists a faculty. diflb«« 


^^^^^^1 prehension; bo some aniaials 


from intelligence, which ii 


^^^^^^^H possess a certain uatura] power. 


called imlincl. 


^^^^^^^H which, though not the same as. 




^^^^^^B in Bome respccU roxcnibleH, 




^^^^^^^1 those faculties. 




^^^^^^^H 'Os y/ip » dii6pamf Ttxnj mi 


U existe dans un grand 


^^^^^^^H tm^ia cal irvvfinc, uSroc Mmt 


nombre d'nnimaux tme faculty 


^^^^^^^H Tuv (^v fori TIC iripa roiavni 




^^^^^^M ipva-iKil p. 


c'est celle qu'on namme in. 




siinct. p. sa 






^^^^^^^V All which have red 


The first general division o* 


^^^^^^^^ blood have a spine or back- 


animals includes all those which 


^^^H bone: but the other pnrts of 


hare a spine or back-bone emu 


^^^L the bony syetem are wanting 


aisting of separate portioM 
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AristaUe. 
m -tone speciM, and present in 
others. The spine is the 'base 
or origin of the bony system : 
it is composed of vertebrae, 
which are all perforated; and 
eiztends from the .head to the 
lupe : and the cranium is a con- 
tinuation of its upper or ante- 
rior extremity. 



Hhnu df rh {fa San IbKUfid 
4orw, txjti paxuf*^^ ^ iKka .fid' 
pui rmv 60T&P .iwUit fuy iariw, 
Mhs y ovK Ifarw. p. 6&, *Apx^ 
M ^ p&X^£ itrry iv waan roir^(Ou- 
fhtf 6<nxU ovyKstrai d* ^ ^X^ •^'^ 
a^owdvkmif, rc^Mi d* air6 rfp m- 
^^aX$f fMXfM wp6s n& 2crx^< •! f^y 

av9€xi9 Arri rots ^q-xAtihs etfuHf" 
dvXois, t KaKtlrai Kpaviov, p. ^, 



Cuffier, torn. I. 
called vertebrs. The animals 
^ithis division are called ver*' 
4ebraUd. They bave all of 
tbem red blood : their body is 
composed of a head, trunk, and 
members: the spine, which is 
oomposed of vertebrse, having 
each an annular perforation, 
and moveable on each other, 
commences at its upper or an* 
terior eztremityfnmi the head; 
the lower or posteidor extre- 
mity usually terminating in a 
tail. 

Dans la premi^ de oes 
fonn68>[gjneralefr), qui est celle 
de rhomme et des animauy qui 
loiitessemblent le plus, le cor- 
teauy-&c. sont renfermes dans 
una .enveloppe osseuse, qui se 
eompose du crane, et des vert^ 
bri^ p. 5J. Nous appelerons 
les atiimaux de oette forme 
les animaux veti^br^s* p. fi8. 
Jd&ax sang est toigours rouge, 
p. (S3. JUeur corp^ se copipose 
tonjouis de la tete, du tronc 
et . des membres. L'epine . est 
Qpmposee de vert^bres mobiles 
les unes sur les autres, dont 
la premiere porte la tete, et 
qui ont toutes une partie an- 
nulaire. p. 62, 63. Le plus 
souvent l'epine se prolonge en 
une queue, p. 63. 



Red-blooded animals when 
in their perfect state have 



Their extremities never ex- 
ceed two pair in number: 
Aa2 



^^H 856 ^^^^1 


^^H 


Cuvier, torn. I. 


^^^^L either no extremities, or they 


sometimes one pair is wantii^ 


^^^^^^^1 have one or two pair. Those 




^^^^^^^H animals which have more than 




^^^^^^^H two pair ore not red-blood- 




^^^^H 




^^^^^H In some animals the corre- 


The form of the exCremitie^ 




varies according to the usu iq 


^^^^^^^H form, bat analogous nse. 


which they are to be applied; 


^^^^^^1 Thus the anterior extremities 




^^^^^^^^^B of birds ore neither hanils nor 


hands, or feet, or wings, cat 


^^^^^^^^^^ feet, but wings. Pish have no 


tins; the posterior, feet or fins. 


^^^F limbs, but appendages, called 




^^^V fins, commonly four in number. 




^^^^^^^_ Homctinies 




^^^^^^^B pin (WU/u Tvyxirci ivra 


11 n-y a jamais pins de deiu( 


^^^^^^^H mra ^ niroAd iWi riXra Svra ((breuv 


pakes de membres ; mais elle* 


^^^^^^^1 Si ipiati (Wiv ivaifiou irtf^v t6 


mouijuent quelquefois I'une on 


^^^^^^M T&» 30<DV p. 10.) BiTTDJa 


I'uutre, ou toutes les deux, et 


^^^^^^^H 4 Trrpanoia. S' Symiia — trtivff 


prennent des formes relative* 






^^^^^^^H p. ?■ 'Eria ray (•fO'- olh-i "S" 


esecuter. Lea membres ant^ 


^^^^^^^^^H TO /lApta Tairri txfi oCrt koS inrtp- 


rieura peuvent etre faits «u 


^^^^^^M 0x4" "" 'XXofti'. 


mains, en pieds, en ailes ou ea. 


^^^^^^H aniXoytui'. p. Xl',pa! 8* 


nageoires; les posterieun. ea 


^^^^^^^H iroiac TpoaUavs txii (ol SputStt). 


pieds OH en nageoires. p. 63. 


^^^^^^^^^1 oAX^ irripvyat iSiov vpoc ra ^XXa 




^^^^^1 iva- p. S' oM(U tx" 




^^^^^m oieiv—xsiop 




^^^^^^^H — TO mipvyia. 








^^^M p. 40. 




^^^^^^ The red-blooded animals ore 


The division of vertebratea 


^^^^ man, viviparous and oviparous 


animals includes mao, tbe 


^^H quadrupeds, birds, fish, ceta- 




^^^r ceous animals, and snakeH. ftc. 




^^M 


tocea, birds, reptiles of all 


^^^ 


kinds, many of which, though 
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Aristotle. 



"Efrrt dc ravra {[^ Ihfaifta) Sp- 
BfHBftr69 re mil rh (itfOT6Ka r&p rt' 
rptarddw^y thi dc Ka\ rh ^!or6Ka r&v 

tajrof Kalr—S<lHs. p. 42, 43. 



Animals of the largest size 
are found among those which 
are red-blooded. All animals 
which have colourless blood 
are smaller in size than those 
which have red blood ; with the 
exception of a few marine ani- 
mals, as some of the sepioe ^. 

TovTtf htaxfitpn rh fuyurra ytvri 
9rp6s r^ XocfT^ r&p SXXtiP C^^''* ^f 
rh fthf thnufta r^ d* Sjfoipa f&ni. 
p. 42. ndvra dc r^ Sptufta iK6m» 

wkipf SKiya hf t§ Bdk&rrn fiti{opa 
Bwaifid i<TTUff otov r&y fuiXiuc/«»y 
fpui, p. 9. 



All red-blooded animals have 
the five senses. 



"AjfSpwitoi flip o^v— Hcal Sira thh- 
aifia Kol {^for6Ka, nopra ifxdperai 
txpirra rmmu v&(ra9 {tdxrBfiVts). 
p, 100. 



Cuvier, torn. I. 
oviparous, are quadrupeds, and 
fish. 

Subdivision dbs animaitx 
VERTEBRES. L'homme — les 
singes, &c. — ^les cetaces — lea 
oiseaux — tortues — serpens — 
poissons. Tom. i. 67.— ii. 351. 



Vertebrated animals, all of 
which have red blood, attain 
to a much larg^ size than 
those whose blood is colour* 
less. 



C'est parmi eux (les ani- 
maux vertebras) que se trou- 
vent les plus grands des ani- 
maux. p. 62. Le sang est 
toujours rouge, p. 63. 



Vertebrated animals have 
always two eyes, two ears, two 
nostrils, the int^^ments of 
the tongue and those of the 
whole body. 

Les sens exterieurs sont tou- 
jours deux yeux, deux oreiUes, 
deux narines, les t^umens de 
la langue, et oeux de la tota- 
lite du corps, p. 64. 



' See a cariouB engraving in Montfort, Hist Nat. des MoUiuquei, torn. ii. 
p. S56, repreienting a gigantic sepia grasping a ship and its rigging. 

AaS 



MAMMALIA. 



Aristollf. 
No animal which h not vi- 
Tiparous has tirDiiHtH ; and ert>a 
ef viviparous animals those 
onlj' hare them which produce 
their young alive at once, 
witliout tlio intervention of Ml 

. The milk is not, as the 
blood is, a fluid which aninmla 
possess from tlieir birth, but a 
subsequent secretion ; and is 
contained in the breasts. Ai)d 
all those animals have breasts 
which are essentiaUy or di- 
rectly vivipatouii ; as man, and 
such quadrup*;ds as are covered 
with hair ; and also cetaceous 
utimals, as the dolphin, the 
seal, and die whale. 

OvBiv Tall /li) [ifOTOKoivrtiti 

(?X(1 /KUTTOUt), oiii TO foMJTO- 

tovrra irAna, oXX" Sun tiiSi/s <» 
avroTt {tforoKil ul ii!f ^oTotil 
trpArav. p. 40- Tin di S^cuv i 
ftir Ix" Cvroii'i 'iw, iv airry 
wpSiTOp ifOTuKiiaat. ]i. 15], Aif«i 
Sypov tTv/trjtvTdv (ori rott fyoic 
itOTipiyn'ic Si ml atnmtKpiiuvov 
&jraiTa; Srof tyg, (wort, ri yoXa' 
- — <jif*i fle, 5ira <;f*i t6 ydka, fv 
roit /uiiTTolt. [uuTToiit S' f^n oira 
(ifOTOiu't *al iv avToic lai 7f », otev 
foo T< Tpi)(as ?X"' «""■'/' ntSptt- 
not Nol twnot, Kcti ra ■rqn;, olov 
dfX^f aol ^HMU) Kill ^luKatya' luil 



Curler, torn. I. 

The animals of the i 
vt/immalia are eaaentially nvi. 
paroua ; inasmuch sa a dii«(A 
communication is established 
between the embryo and ths 
parent immediately after eon- 
oeption. 

The new-bom o^pring i* 
noorished for a time by miUt« 
nliieb In a special and tempo* 
rary secretion from tbe a 
m^p; oipiDS, so exclusively pa> 
culiar to this class, a* 
have determined the disttnctivv 
appellation mammalia. This 
class includes all the t 
mon vtviparouH <)uadrup(Kla ; 
t(^thi!T with the sea], and 
the dolphin, and other c 
cea. 

La generation dans toas Ics 
memmif^res est esiendelle- 
ment vivipare; c'est^udire qne 
le fa°tus, immediatement aprte 
la conception, deaoend dans 1ft 
niatrice, enferme dans sea 
veloppes — qui etablissent entre 
lui et sa mere une commonico- 
tioa, d'oii il tire aa nourriture. 
p. 76, 76. 

Lea petits se nourisient pen. 
dant quelque temps, npr^ leur 
naissance, d'une liqueur jiaiti- 
culiere a cette classe (le Itut), 
laquelle est produjte par Ie« 
mammelles — qui out vmhi k 
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Arutoile. 

p. 77. 



Cuvier, Com. I. 
oette dasse son nom de mam- 
mif ^res^ attendu que lui £tant 
exclusivemeiit propre8> ellea la 
distinguent mieux qa'aucun 
autre caractere ext^rieur. p. 
76. De la classe des mammL. 
feres sbnt rhomme-^les singes 
— ^le cheval — les phoques — le 
dauphin — ^les baleines^ Sec p. 
7&— 284. 



MAN. 



All animals which have limhs 
resembling those of man^ have 
their 1^ and thighs and hips 
sparingly covered with flesh; 
whereas in man these parts are 
more fleshy than any other. 



Of all animals man has, in 
proportion to his sise, the larg. 
est brain ; and the smallest in. 
terval between his eyes; and 
the most delicate sense of 
touch and of taste. 

No animal but man has its 
breasts in the front of the 
chest ; the elephant, like the 
human female, has two breasts, 
but they are placed on the 
side. 

No animal but man has the 
faculty of articulate speech; 



The muscles which extend 
the foot and thigh of man are 
more powerful than those of 
any other animal: and hence 
the calf of the leg is particu- 
larly prominent. The part 
called the pelvis, situate be- 
tween the hips, is altogether 
proportionally laiger in man 
than in any other animal. 

No quadruped has so large 
a brain as man. His eyes are 
so placed as to be necessarily 
directed only forwards. In 
the delicacy of the sense of 
taste and touch man excels all 
other animals. 

The female breasts are plac- 
ed in front of the chest. 



He possesses an advantage 
peculiar to himself in the or- 
A a 4 



^^^1 060 .^^^^^^^^^1 


^^B 


Cuvier. torn. I. 


^^^^L which consists of vowels pro- 


g^na of voice ; for he alone is 




capable of uttering articnlate 


^^^^^^^H rynx, and of consunantg form- 


sounds ; a power which appa- 


^^^^^^P ed by the ton^e and lips the 


rently depends on the form 


^^^^^^^H dolphin, therefore, which has 


of his mouth, and the great 




flexibility of Uis lipo. 


^^^^^^B posseMing lungs, ^d a krynx. 




^^^^^^^H CMiiiot articulate, becau^ ita 




^^^^^^^H tongue is readily move- 




^^^^^^1 able, has no 




^^^^^^^H Uavra Si ra rirpuTruSo AaraiT) 


Les muscles qui retiennent 


^^^^^^M ri aii'ki, fx" — x"' ^I^Tapta — Tirri 


le pied et la cuisse (de rhouime) 


^^^^^1 a Kul iyiax'a ^Sp^ito, Toi- 


dan a I'etat d' extension Bont 


^^^^^^M navricw rrapKui', yhp Ix" TX'i^" 


plus viguureux (que cmx 


^^^^^^^H fuiXurra tov itA^toc rk iirjfi'a cal 


d'aucun mommifere); d'aii r^ 


^^^^^^^^^H mt^c foipoiit (al rdr ariuiat. p. 29. 


suite la ■aillie du mullet et de 


^^^^^^H 


la fesse — le bassm est plus 


^^^^^^1 


large, p. 82. 


^^^^^H- {^K4<t«Xoy) S^Tom 


Aucun quadrupede n'ap- 


^^^^^^^H Sou tx^i alfHi — Kara niyt&ot i' 


pruche de lui pour la grandeur 


^^^^^^^H ^fuc fxit SrepcmosTiXilaTor iy- 




^^^^^^M iH<lxAov. p. A* 3/ifK>ra 


du cerveau. p. 84. Sea detu 


^^^^^^^H ilwxiaTot Kara txiyiSo! SuaTtiKiv 


yeux Bont dirigea en avant ; il 




ne voit point de deux cStea a 






^^^^^^^H TJi* attti/y, Sivripmi 6i rqf ytviTU: 


quadrupcdea. La delic»U»e 


^^^^H p. IS, 19. 


de I'odorat doit induer bur 


^^^^^^H 


celle du gout, et I'honune doit 


^^^^^^H 


d'ailleurs avoir de I'avantnge, 


^^^^^^H 


il cet egard, au moius sur les 


^^^^^^V 




^^^^^^B 


^■etue decailles; eufin, k fi- 


^^^^^^ 


nesse de son toucher reauUe, 


^^^T 


it de celle de sea tegiunens. 


^^^H 


ivc. p. 85. 


^^^^^^^^ MntrmL>[ A' ovc c^n obdfv » riji 




^^^^^L wp6^Sn. ik\' $ SyBpmroi- i S 


de dcui seulemeni, sonl situees 


^^^^^H A<'4><» ?x" /*<>■ fMTTn^i d». axx' 


sur k poitrioe. p. 88. 


^^^^^^^^^^^^Bi 


^ 


^^^^1 


■■■ 
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Arislolle. 



TA it ^(jWTciu kqI TFTpairolia 
(aa Sk\o iiXXrjv arftiijtri ^oaufiVj 
9tilX(jn-ov Jl" oiiir !x", o^' Xiiov 
Toir ivepM!ou iarir (p. 107.) 

yXitrrji BidpflfiaMrit. Tu /itV oZv 

ri K ti<fnoba tj ykarra 

105. 'AiJh'ijiti a; «Qi i 

Ytiif nai ^u(>l fOTt yi(i 

try i^K^ — oXX4 r^i" -yXSmiv 
Ik inroX(Xufi(»]v (l>:(i) oiiii X'^l 



L'honiine a une preeminence 
particuli^re dans lea orgones 
de B^k Toix ; il pent seul arti. 
culer des sons ; In forme de sa 
bouche et la gtaade mobilite 
de sen levres en Nont [irobable- 
nit'nt les causes, p. 86. 



1,1(16. 



APES, &c. 



* The feet of apes nre pecu- 

r, and resemble large hnnda, 

e toes being like fingers, mid 

e nader snrfHce of the hind 

t like tlie palm of the hand, 

hit terminBting in tt badly 

taped heel. Hence they otien 

e their feet as hnnds. Their 

« resemble those of man, 

b also their hands, and lingers, 

Isd nails; and they bend their 

1 in the same direc- 

n does*. The upper 

t of their body being larger 

I the lower piirt, aa h the 

ivith decided ([uadrupeds; 

* Ud their feet partaking of the 



Tlie hind feet of the quad- 
(to which order apes 
lielong) have n thumb capable 
of being opposed to the other 
toes, which are an long and as 
Hexible as the fingers ; whence 
they are capable of climbing 
well: but they do not easily 
iralk, or support themselves in 
an erect position, because their 
pelvis is narrow, and the plane 
of the under surfnce of their 
feet is not horizontal. 



fjenerat ; in nxM of whli^, however, 



Aristotle migtook the joint M the heel and wrist, fiir thu uf the kne« or 



^^H ssk ^^^^^^^^^M 




Cttvitr, torn. I. fl 


^^^■^^ character ftf hands; their pel- 


^J 






^^^^^^^H fll« from these joint causes m- 


4^^^^H 


^^^^^^^ Mpable contmuing Ion;; in 


^^^^H 


^^^^^^^H ui erect position. 




^^^^^^H man they have tiro 


In the character of their iiu 


^^^^^^B Mamniie on the ; and 


testmea, in the direction of 


^^^^^^^H dieir intemal anatomy reseni- 


their e>-e9, and in the pwhioii 


^^^^H Ues the human. 


at their breasts, they resemble 


^^^^^^M 


man ; and the itructure of their 


^^^^^^m 


fnre-arma and hands ennbl«fl 


^^^^^^m 


them to imitate ua in many of 


^^^^^^M 


their gestures and actions. 




Thv liigher species of opes 




have flat naihi ; and te«t)i 


^^^^^^H u to their {ace : for have 


very much resembling the hn- 


^^^^^^H nostrils ears; and both 


man both in number and Br- 


^^^^^^H their front and back teeth not 




^^^^^^H Mnch those of man. 


and they have uo tail. 


^^^^^^B »i wiSifiot—atmc Tovt v6. 


Les quadrumanes ditfiwnt 


^^^^^1 -9« (?x"wO' ""■* Y'P "f^" X"P" 


de notre oepece par le caractere 


^^^^^^H -^ryiiXiu. Koi ol ftdicruXiH itrntp 


tres-stMisible, qnc ses pieda 6m 


^^^^^^^^^H V** X"f™'> ^ /wVoc itaitpiTaros, 


derriere ont les ponces Iilire* 


^^^^^^^^^H sal ri KOTO nv iroSAc X"C' oiMUtr, 




^^^^^^^^^H wXi^v ((rt rh /tqiDt ti rqi x'^P^' 


et que les doigls dea pieds soot 


^^^^^^ M ra t^x-"" n^"' '"A^'P <9'- 


loi^gs et dexihles comme ceux 


^^^^^^^H im>' roOro 2( (V ujcpou imXiipiTf- 


de la main; aussi tuutes Jes 




especes grimpent-elles aus ar- 


^^^^^^P wn>>^i'. tixpn-"" B( ru» 


bres avec facilJte, tondia qu'cllet 


^^^^^^ At" ilfW™. "»' "« X'P<'' '•al it 


□e se tiennent et ue marcbent 


^^^H wov\, mi irvynifinTft wnrtp ;i((i- 


debout qu'avec peine, leur piied 


^^H pot.— "Ex" Bi ital ^pojioi-nr 


ne se posant alors que sur le 




tranchuit exterieur, et leur but- 


^^^V Ka\ ndfin-Td iral Tuvruvc ml rd 


sia etroit nc fuvarisant poiut 




leqmlibre. p. iOO. 


^^^V roiiTaic x''P"' ""' iaxTviiovs Kal 












^^^m 


^^ 
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Aristotle. Cuvter, torn. I. 

T& d* Spm rov k6t» m\if /ulCwa 

tx^i, oi(rrr€p rh rtrpAmikt'-'Hul 

did r€ ravra xai diA r^ rovt 

ir6fkts ^tuf Siioiovs x*P^^ — ^^'' 

rcXei r6y irXcioD xp6vo¥ rrrpamvp 

t¥ fiSKkov fj 6p66ir mil tAh^ taxla 

tx^i hi TtrpdwQVtf (hf. p. 35, 86. 

Tk ^ hr^t huuptBtrra SfUMa Elles ont toutes des intestiiig 

^ovo-cy Mp^f n6yTa rit roiav- assez semblahles aux notretj 

no. p. 36. "iLx^i If ivT^ arrfiti les yeux diriges en avant^ Iw 

Mo A^X^ luunhv fUKpm¥. p. 35. mammelles sur la poitrine. p. 

100. La liberte de lean avant- 
bras et la complication de leua 
maina leur permettent a toatea 
beaucoup d'actiona et de geates 
semblahles a ceux de rhomme. 
p. 101, 

Lea singes — ont a chaqoe 
mftchoire quatre dents ind- 
sives droites^ et k tons lea 
doigts des onglea |^ts; denK 
caracteres qui les rapprochent 
de rhomme plus que les gemras 
suivans; leurs molaires n'ont 
aussi^ oomme les notres^ que 
des tubercules mousses, p. 101. 

THE HEDGEHOG AND PORCUPINE. 

Porcupines and land-echini, 
or hedgehogs^ are covered with 
spines^ which are iiroperly to 
be considered in these animals 
as a kind of rigid and indu. 
rated hair ; for these spines do 
not serve the purpose of feet> 
as they do in sea-echini. 

Tpi;(«y yap r« tSios Bwriov MU 
rhs QKoarMkts rplxasp oSot ol x^p- 



T^ di vpdvmvop ?x'^ voXXi^ 
6fiot6Tffrat r^ rov 6tf6p&tnv' col 
yitp fivicnjpa£ koH Jra vap€arXrfata 
tlX'h 'Eol od6rras tUnrtp 6 M^mh 
was, «al TOW vpooBiovs «al ra^s 
Yififl>UMft, p. 35. 



Hedgehogs have their 
covered with quills instead of 
hair ; and so have porcupines. 



Les h^rissons et les porc- 
hes ont le oorps oouvert de 



^^M 364 **^^^B^^^| 


^^M Arinlolle. 


Cufier, una. I. 


^^H onioi ixovtriP ix^imi tat ol wrrpi- 


piquans au lien de polls, p. 


^H X"- '■P'X*' Y^P XP''"" tnpix'^ao: 


132 et 208. 


^^B oXX' oi irofluv, &nrtp ol rwv 0a- 




^H XtfTTlSF. {). 10. 




^B THE MOLE. 1 


^^H All viviparous animals have 


Tlie eye of the mole is »o 


^^V eyes,exce[ittbeinole; anderen 


small, and so concealed by the 


^^H this auimal, although it has 


sWn, that for a long time this 


^H neither the faculty of sight. 


animal was supposed to be 


^H nor eyes readily visible, enn- 


without eyes. The blind mt- 


^H not be said to be altogether 


mole has no visible trace of ex- 


^H without eyes ; for if its akin be 


ternal eyes; hnt in taking off 


^^H taken olf, you may diatin^uiah 


the skin, a very small bhick 


^^M not only the natural situation 


point fa observable, which ap- 


^^M of the eyes, but that black cen- 


pears to have the orgBnieation 


^^M trnl part of the eye itself in 


of an eye, vrithout the posaihi- 


^^H which the pupil is contained ; 


lity of betDR employed as such. 


^^M as if these organs had been im- 


because the skin passes otot it 


^^H perfectly developed, and the 


not only in an entire state, bat 


^^^L ikin had grown over tliem. If 


as thick and as closely corered 


^^M the skin, which is thick, be 


with hair as in nny other ptirt 


^^^^H^ stripped off from the head. 


of the face. This may pro- 


^^^B you may perceive on its inner 


bably be the animal which, nc- 


^^H surface, and in the usual re- 


cording to M. Olivier, gave the 


^^^L gion, distinct eyes ; which. 


idea to the ancients of describ- 


^^^^^^^^ liiough small and shrunk, aa 


ing the mole as totally bimd'. 


^^^^^^^H were, have all the essential 




^^^^^^^P- puts of those organs, namely, 




^^^^^^^ a pupil placed in the centre of 




^^■^ the block part of the eye, and 




^^K that black |>art surrounded br 




^^^^B the white'. 






Son ceil est si petit, et tcUe- 


^^^^^^^P irXqe ainraXtums. tovtdi' ii rpotrav 


ment cache par le poil, qu'oo 


^^^^^^ • Ku>;i^„. (p. 101.) is cviikutly !>y<ionyn>uiit wilh Xi<..«. [p. 13.) H 




^^H knew t]ietnie>tate of tbe cue, namely, tliat the mtdehncrca. ■ 



AHIBTOTLE AND CDVlSn COMPARED. 



Arittotlf. 

X"!'- SXeit iiiy yip oCff ipa 

L4^AiX/Kjvi- d^ifH^tvro; S( rou 

I pAruii (□! ruv (i^duXfiwp r^ /uXova 
■ Nora ric roTroi' «a'i r^* x^P"* njK 

^ T^ (itT-Dt, its Jy rfi ytvian m;- 

[. p. 13. ' &.<^tju6ivTot Si 
I tvu iipnaxvc iSin^it Trajifcoc on-d r^t 

««' Ofifuirei* taa6iv fitra nl o0- 
LfaX/Hii iu^ap^ivoi, navT l<fOVTi( 
^ntrrli TO itipTi Tolt aXijOiveU- 
n yitp tA Tt ftiXtw koI rd iv- 

I t6pi)y, tai ri KukXimioy, \'. 100, 

1101. 



. I, 



en a nie long-temps I'existence. 
p. 137- Le rat-taupe aveugle 
— n'a meme poiDt du tout d'aal 
visible au dehors ; mats quand 
on enleve sh peau, oo trouve 
nn tr^petit point noir qui pa. 
rait nrgiuiia^ comme un aH, 
saus pouvoir serrir a la vision, 
puisque la peau pas»e dessus 

sans y avoir moins de poile 
qu'autre part. — II *e pourrait, 
comme le dit M. Olivier, qu'il 
eut donne aux anciens I'idee de 
faire la taupe toul-a-fiut aveu- 



gle. 



J. 201. 



THE BEAR. 



The bear is an omnivorouB 

I animal, living on various fruits, 

n honey, on ants, and on fltsh ; 

attacking not only thi- smaller 

animals, but even ivild boars 

. and buUss. The feet of the 

[ bear resemble hands ; and for 

t a short time this animal can 

P walk erect im its two hind 

I ftet. 

H fl' 'iprro! iraiitpayav itrri. 



The bear though so power* 
ful an animal is not disposed 
to feed on flesh, unless when 
tompelled by want of other 
food. Bears walk on the whole 
sole of the foot, and are thus 
enabled to raise themselves 
with comparative ease in un 
erect |iositioD on their hind 



feel. 



iirs— molgre leur ex- 



la mmlu of ciigngiiig witli the )>iiU ia tlius ilmxibed by Arinlude: " In 
[ " engHgiiiK the >>ull, Uie b«r thruwa iUelT on iu luick ; niul, while the bull 
■■ is atlempung t>^ tou it, the beu taka thp bull's ham% between iu jiaws, 
" knil thiiB ovpTthrowi iu nAvmur/." 



^^H SB6 -^^3^^^^^^! 


^^H Ariatotle. 


C'uww, torn. 1. 




treroe fmoe, ne maageim-ils 


^^^^^^m '-nai ^ipiit^t, ml trapK'i^Myii. 


gu^ de chair que i»r aeoou 


^^^^^k 9A yAp ti,i> Icrxt'y (V.r.'Aro. of 


site, lis mnrchent eur la plante ' 


^^^^^^^^Bfldi«>' rote fKaipeu akM 


enti^re, ce qui lenr donne [>1im 




de fsciUt« ponr we drener «iir 


^^^^^^M i^ai x^PV'o'^ yV ^V ""'PV 




^^^^^^^H WrA TTpdcrurov inrrla imrafitiintt. 




^^^^^^^^^H ml TDV robpiitj rvirrnv hnxtipovf- 




^^^^^^1 «Bi Tuit jiA- |3pox(oo-. «p<mi 




^^^^^^1 «rpiXa/i^ft, T^ S^ ari^Ti t^p 






^^M 


^^^^^H niT>>'. ^hii,i S h,i Tiva xpi'o' 


^^^^^M 


^^^^^B Alyo- R<1 r«t>' i^h iroao-u' iSp^. 


^^^^^M 


^^^^H p. 324. 


^^ 


^^^^H ' 


SEAL. 


^^^^^^M The seal brings forth its 


The feet of the seal ai* so 


^^^^^^^H fouiig on shore, but passt^a 


short, and so eureloped in (be 


^^^^^^^H most of its time in the sea, and 


sltin, that on land they only 


^^^^^^^H derives its naurishinpnt from 


serve them for crawling ; hut. 


^^^^^B ttience. With to 


as the interstices of the toes 


^^^^^^B extremities, it may be consi. 


are filled up with membrane. 


^^^^^^^H -dereil 88 an imperfect (juadru- 


they act as excellent oars ; and 


^^^^^^1 |ied ; for immediately buc- 


hence these animals pass the 


^^^^^^^^k -oesaion to its shoulder blades 


greater part of theii life in the 


^^^^^^^'h has feet resembling kandt^; 


sea, only coming to land for 


^^^^^^m and on each foot are live; toes, 


the purpose of basking in the 


^^^^^^^H and each toe fans three joints: 


gun and suckling their cube. 


^^^^^^^f tile bind feet their shape 


They have five toes on eadi «f 


^^^^^ memblethetoilofaliHh. All 


their feet: and on the hind 


^^^V the teeth of the seal nre sharp 


fcet the outermost and imwr^ 


^^■^^ and pointed, as indicating the 


most are longest, the intetiae- 


^^^^^^^1 approximation of their nature 


diate (wing shortest. All their 


^^^^^^^H to fish ; olinoat all fish having 


teeth have either pointed or 


^^^^^^P >teeth that cliarocter. The 


cutting edges. Their tongue 


^^^^^^^^ seal has ft cloven tongue. 


is indented at the extremity. 


^H " From ^ laiortncH of dw ann and tOKJtnn in thb uiimal, ArfaMlp | 


^^1 orerlnnhad tl»se |Aru. 


^^ 



AKI8TOTLE AMD CtHriBB COVPABBD. 



9m 



Aristotle, 
'H di A<gy ri i cn i ip ri yg 

iraX^ jcal rpi<t^enu itc rij^- ^dKAr" 
r^. p. 167, 168. 'H d^ ^^ 
Samp wtwifprnfjiitfow itrri nrpA* 
wwnr 9vBif9 yhp Z^ii pmrh, r^ 
•kfumkarffv ro^ tr6dat 6fioUnn 
Xfpoh^~—V€vr(MutTv\oi yap tliri, 
Koi huMxrm r&v daKTvkto¥ Kopn^ 

irxripan vaptarkrfaun tm tw Ix" 
Bvmf cvpais tttrL p. 27* KapxO' 
p^fknnf ^&t\ trocrf roh dbovmPf 
i^ iirdkkarrova'a rf ynpct rAr 
IxBvwf' ol yhp lxOv€£ w6pT€t ax^' 
t^ Kapxop6dorr4s clcriy. p. 93. 
^ExM di^-'hrxjurfUwfpf ripf ykHrraw. 
p. 48. 



Cuvier, torn. I. 
Lean piedsaont si oourtSy^t 
tellement envelopp^ daiu la 
peau^ qu'ils ne peuvent^ sur 
terre^ leur servir qu'a ramper ; •<. 
mais oomme les intarvalles des 
doigts y sont remplia par des 
membranes^ oe sont des rames 
excellentes ; aussi ces animaux 
passent-ils la plus grande partie 
de leur vie dans la mer^ et ne 
viennent a terre que pour se 
reposer au soleil^ et allaiter 
leurs petits. p. 163^ 164. Les 
phoques ont-— cinq doigts a 
tons les pieds — au pieds de 
derri^e, le pouoe et le petit 
doigt sont les pins longs^ et lea 
itatermediaires les plus courts. 
Tbutes les dents sont tranchan. 
tes ou ooniqute. p. 164. Leur 
langue est lisse^ et echanenfe 
ati'bout. p. 165. 



THE ELEEHANT. 



The elephant has five toes 
on each foot; though the joints 
of these are not very distinct. 
It has four teeth on each side 
of its mouth, with which it tri- 
turates its fbod^ and makes it 
as smooth as bran : and besides 
these it has two very large 
teeth. It has a long and power, 
fill proboscis^ which it uses as a 
hand; for with this organ it 
takes up and conveys to its 
mouth both solid and liquid 
food. Its intestines have ap- 



Elephants have on each fiM 
five toes^ very well defined in 
the skeleton^ but so imbedded 
in the callous skin enveloping 
the foot that they can only be 
recognised externally by thdr 
nails^ which are attached to' the 
edge of this hoof as it were. 
They have two tusks, which 
sometimes grow to an enor- 
mous size ; and either four or 
eight grinding teeth on each 
side, according to the periods 
of their developement. The 
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AritlolU. 
pendages, presenting; the ap- 
jwaraoce of four stomnchs ; 
hns two mamniie placed 
r the Ride of the chest, near 
e nxiltiB. The cub of the ele- 
phant Buckfl with its muuth, 
and not ivith its proboscis. 



*E(rr( B( (totoAiUtvXov (d A(- 

' ^ol) — 'o f "•?' Toit ScurruXout 

I tbiapBpaTiTipa »);ti rfflV froflav. 

■p. 25, 'O 8' iXi^ oBcJirnE ^r* 

I tX" TfTTopat ftp' fKOTtpa, o't nor- 

I t^pydffTot Tqi> Tpoipisf (Xtaftici d' 

I Anrtp Kpifii^), X''p'" ^' Touriuv 

lut iuo Toiis luyakovt. p. 34. 

I Toit df cXi'i^Muru- D ^bicT^p yuvrot 

L Itanpis tat lirxypit, ml xP't^"' f^- 

^rf ttanip X'^P'' wpoirayiTal rt 

I y^ Kai Xafidavci rain-y xaS tic rh 

\ orAita TipfunpipiTai r^r Tpoififji; ml 

' r^ irypaf Kai T^c ilpar, ^liiw 

raw Cf"*- V- ^^- '^ ^< t\t<pas 

tuTtpav Ix't trv^^iitrfii cxdvi arm 

t^ivtirdaL TtTTtipoff Kotkias Jx.*^- 

p. '47i 'Ejjfi Jli roui luurravt 

\ tin Trtpi rat /iacrj;aXot — oin tV T^ 

[ 9ri)6ii aXXi irpit Ty •rriiSii, p. 

30. et 26. '0 Si atiiwot oray 

yimfToi, A;Xdf(i r^ ord/mri xat afi 

T^ ^VKT^pl, p, 101. 
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Cuvier, torn. I. 
proboscis, t«nniaatiag in ui 
appendage like a Auger, give« 
to the elephant a decree of ad- ' 
drexR equal to tliat which the 
hand of the ape imparts to 
that animal. The eleptmnt 
uses this proboKcis for the pur- 
pose of conveying solid food 
or pumping up liquids into ita 
mouth. The intestines of the 
elephunt ore voluminoua ; it 
has two nismmie placed under 
the breast, and its cub Gocics 
with the tnouth, and not witli 
the trunk. 

"(Les elephana) ont cinq 
doigts a tous les pieds, bieB 
complets dans le aquelette, 
niais tellement encroutes duu 
la peau calleuse qui entoure le 
pied, qu'ils n'apparaissent au 
dehors que par leu oiiglea at- 
taches sur le bord de cetteesp^ce 
de Raliot. p. 238, 229. Deux 
defenses qui sortent dfl la 
boucbe et prennent son rent 
un accroissement enurme. p. 
229. Tentot une, tantot deux 
mdcheli^es de chaque cote, 
quHtre on liuit en tout, «eIon 
les epoques. p. 231. Une 
trompe cylindrique — termini 
par un appendice ea fomie 
de doigt — donne & rele|ili)uit 
pre^que autant d'adresse que 
la perfection de la main pent 
en donner au singe- II s'en 
seft pour saisir tout c« qu'il 



ARtSTOTI.E AKD CUVIBB (OMl'AREB. 



AriMotlf. 
CuDiper esyn that in almost 
all pomts tlie anatomy of the 
^phant lit correctly repre- 
saited by Aristotle; the ap- 
parent inconfiistencieB arising 
fitOR his having disaecteil a 
young eleplwnt. Tom. ii. p. 



vent porter a sa bouchc el 
pour pomper »a boisson. p. 
S2f). Les ioteatius Mint tr^ 
volumineux — iea manietles, au 
nombre Ae deux seutcment, 
placeea sous la poitrine. Le 
petit tette avec la bnuche et 
non avec la trompe- p. 230. 



HUMINATING ANIMALS. 



AU rivi parens quadrapeihi 
which have horns are without 
the front teeth in the upper 
jaw ; and some indeed which 
hare no horns have the game 
defect with respect to the 
teeth, as the camel. 

Of viviparous quadruped s 
Rome ore cloven-footed and 
have hoofs instead of claws, as 
the ox, sheep, goat, and deer. 
The snnie animals have four 
BtQinachs, and are said to ru. 



With the exception of the 
deer, all ruminating animals 
have horns which are partly 
hollow, and partly solid ; the 
hollow part grows out of the 
skin, of which it is indeed a 
continuation : but that part 
round which this hollow is 
fitted is solid, and grows out 

If the bone ; as in oxen. 

rThe homa of mofit animals 



With the exception^ of the 
camel and the music, all the 
animals of this order have 
horna ; and ail are without 
front teeth in the upper jaw. 



The feet terminate in two 
toes, each of which is covered 
with a separate hoof, and is 
opposed to its fellow by a flat 
surface ; from whence they ore 
called doven-footed. The ani. 
mais of this order ore called 
ruminating ; and have always 
four stomachs. 

The structure of the horns 
differs in difierent species. In 
some the solid osseous port 
which projects from the ^ntal 
bone is covered with a hallow 
case, which grows over it from 
th<- skin, an in oxen, sheep. 
and fronts. 
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Aristotle, 
are, in their form^ simple, and 
are hollow, except at their ex- 
tremity ; the horns of the deer 
alone are in their form arbo- 
rescent ; and, in their sub- 
stance, solid throughout. 

The deer alone, from the 
age of two years, sheds its 
horns annually; the horns of 
other animals are permanent, 
unless separated by violence. 
Deer at the age of one year 
have merely the rudiments of 
horns, short sprouts, as it were, 
covered with downy skin. At 
the age of two years they de- 
velope straight horns like 
wooden pegs; and are hence 
called at that period frarrakUu. 

At three years their horns 
have two branches; at four 
years, more ; and in this way 
the number of branches in- 
creases till the animal is six 
years old; after which the 
number is not increased. 

The horn at first grows as it 
were in the skin, and has a soft 
villous covering; and after it 
has attained its full growth 
the animal exposes itself to 
the sun, in order to ripen and 
dry up this covering. 

Terpawoda €9aifjLa lutl {<jxyr6Ka 
•— 0(ra fUy cWi KcpaTo<f)6pa, ovk 
d^i^Mftdomna tarur ov yiip e^ci rovr 
wpotMovs riri rijs &m auty6yos. 



Cumer, torn. I. 



In the various species of 
deer the osseous projections are 
covered, during their growth, 
with skin resembling that of 
the rest of the head. This skin 
subsequently perishes, leaving 
the osseous horn uncovered; 
and, after a time, the hcKras 
themselves are shed; and are 
succeeded by others which are 
usually larger than the preced- 
ing ; and these again are shed 
in their turn and replaced by 
others. 

The figure of the horn in 
deer varies according to the 
age and species of the animal. 



Les ruminans—ontrair d'etre 
presque tons constniits sur le 
meme modHe, et les chameaux 
seuls pr6entent quelques pe- 





AEISTOTLR AND ClIVIEB 

AristtAU. 

olol' nipgXaf, p. 32. 
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Kui uvtI Til- ur^xiov xT^ut 'K"' 

MWtp Ttp&^TOV 11.1X1 ol^ KOI fXal^t 






■ S Bi) mil Xiymu pjjiuiaiffO'. 



Tiw 9 txiimv upas it oXmi 
fUv fXti OTtptiv liirov iXaipos, ri 
8* SX\a KoT\a ^ixpi ™i't. T''< 3' 
ft^uToi' oTfpfciii. rii fiiv oiv icoi- 
\ot tK rav bipparo! niipVKi p£K- 
\af wtpl de [S] ' Tovro mpiifp- 
ptiariu ri tmptS>« it rior ainiiv, 
aXov TO Klpara ruv QitSiv. p. 30. 
Tvv ii Ktpanay ra piv ir\fi<rra 

< There can bu no doiilil from ihe rtnictura of 

the relntira (!) mighl to be retained ; and tlie ri 

• fantly ojijioiwd to the ti TTi(<n 1» Tit irTai. Bn 

IT the fcUoning pawage from |i. <i7i *•• li ni^ri 

b1>2 



Cuvier, torn. I. 
exceptions uux curact^res 
~ « premier de ces 
caract^res eat de n'avoir d'inci- 
sives qa'k la m&choire itife- 
rieure. p. 246. Tout le reste 
des rnminims (excepte les cha. 
meaux, &c.) a, an moins dans 
le sexe mSIe, deux cornea, 
c'est-^dire, deux pro^minen- 
ces plus au moins longuea dea 
OB froDtaux. p. 232. 

Lea qiiatre pied» sont ter- 
minus par deux doigts et par 
deux sabots, qui se regordent 
piir une face aplatie, en Borte 
tju'llR otit Vait d'un sabot 
luuque, qui aurait et£ fendu. 
p. 246. 

Le nom de ruminana indique 
lu propriety singuli^e de ces 
animuux, de mAcher uue ae- 
conde fuia lea olimena — pro- 
priet^ qui tient k la structure 
de leurs extouiacs. lis en ont 
toujours qiiatre. p. 247- 

Dans le genre des IxEUfB, &c. 
les comes sont rev£tuea d'un 
^tui— on donne en particulier 
le nom de come k la substance 
de cet etui, et lui-m^me parte 
celui de come creuse. p. 252. 
Dans le genre dea cerfs, les pro- 
eminences cou vertes pendant un 
temps d'une peau velue comme 



tho liurns of oxen, &.C that 

«-i« i. T» il(^T„ 1. evi. 

the question ii iiuile settled 



378 aipe; 

AritlalU. 
■nU iara Ari r^r wpwr^iiotiet 

VTtptlm, *a\ fifTU' airXo' Ta it 
rAviXdi^i' fidi'D 81' oXdv mtpti ta\ 
woXwrjiJ^. p.67,68. 'AmffaXkti 
bi ri lupaTa fuiiieii tXiKpot kpt 
trat, dp^/ttyor ini iitravt. ml 
xiiXu' ^liit* ro S' oXXn avinx^t 
tx", <<^ /i^ <'< @<{i trr)pio6ii. p. I}0. 

para, irX^t <5(nr»p oijfid'oi; x^P" 
^^v Tivu" toOto B' (otI flpoxi 
Kol^oini. ^uovr7i 8( diirtti irpwrop 
r4 nipara tiiBia, KoBatnp inimi- 
Xouv bilt taX itaXoviri t6ti mnro- 
tilat airravs. Tip i)< rpiV^ cm 
iUpovv 0tw»i, r^ 0( TtrApT^ 
rpexy'^p'"'' Kol rovrof r6v rpiiro}' 
iti iiriittiaai ii*xp' <{ irSa: oiru 
Tovrov dt Sfuxa ilti avaijiCovaa', 
p, 258. Td B( Kipara ^(toi 
Aontp in bipjUiTi ri wpajTOv. aal 
ybtorrai iaaia' orav t' alr{i)SSnni'. 
I ^tafotrai, tK fttrfffrnxri «■) f>jp<i- 
n rA Kfpur. p. 359. 






. I. 



celle du rests de la t£te, uiit 4 
leur boae uo onueau ile tnbw- 
cules osseux, qui, en grossiK- 
Mint, comprimi^nt «t (iblit^reut 



cette peau. EUe s 
et est enler^i la prt>«iunenOB 
oB»ense mise k nu, «te w^pan 
au bout lie quelqnc temps dn 
cr^ne auquel elle tenait; die 
tombe, et I'ttDimnl demenie 
!uins amuw. Mai* Jl Jul «a re- 
]M)UB9e bientot de noDvellCfc 
d'ordinaire plna grandcB t^oa 
les precedentes, et deatineea k 
KUbir les mbuei reTuJutiona. 
Ces comes, purement fnseuses, 
et aujettes k des dmngemens 
periodiqoea, portent le nom de 
hmt. p. 253. ha figure de ce 
IxMt varie beaucoup — bcIod 
Viae. p. S54. 



CETACEOUS ANIMALS. 



The dolphin and whale and 
Pfrthex cetaceous animals, which 
I have not gills, but a tube fur 
conveying away tlie sea-water 
received into their mouth, arc 
viviparous ; and thejf respire 
air, fur they luive lungs: and 
hence, if caught 1 



unable to c 



the surface blotrert, bv 1 



Cetaceoiu animals 
conntantly in the water ; bat, 
as they respire by menui vi 
lungs, they are Abligttd to cume 
often to the surfooe for air. p. 
272. The ordinary cetacea 
[xwsess a reniarkolile up|iu». 
from which they are oollwd 



I of wludi 




AND CUVIEB COUPABED. 
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Arinlollf. 
for the purpose of breatlung, 
tbsjr lire suffocated. 



The dolphin utters a kind 
whea it i» in the 

much ati it has IiingK, sod an 
air-lube leading to tliem ; but 
having no lips, and its tongue 
being not sufficiently moveable, 
it IB unable to utter an articu- 
late sound. 

The dolphin has mammee, 
not placed in the anterior part 
of the body, but near the pent. 

The mildness and docility 
of the dolphin ore remarkable. 



These fish swim in large 
flocks, and their Hiviftness is 
90 remarkable that they have 
been known to spring over the 
decks of ships. 



The cetaceous atiimnl called 
[ mysticetus baa no teeth, but 
hairs instead, like hi^' bris- 
I tke. 



AtX^ic St ital tfiaKaivB mi r^ 
aXXu0vcn;r7pa, (^OTOKoiltni'. 'Av- 



Ciwier, torn. I. 
they discharge through tlieir 
nostrils a large volume of water 
which they take into their 
mouth with their food. p. 
275. 

They have no prominent la- 
mina in their glottis ; and 
hence their voice is nothing 
more than a simple lowing. 
p. 276. 



I the V 



are placed 
p. 276. 



Ttie general organiEatton of 
the dolphin's brain shews that 
it potisesBes the docility usually 
attributed to it. p. 278. 

The common dolphin, which 
hi found ia large flocks ia every 
Aea, and is remarkable for its 
swiftnesB of motion, so that it 
occasionally darts over the 
decks of ships, appears evi- 
dently to be the dolphin of 
the ancients, p, 27S. 

The upper jaw of the balsnea 
is furnished with thin trans- 
verse lamina; closely set, form- 
ed of a kind of tibrons horn 
terminating in a bristly fringe 
at the border, p. 284. 

he& c^tac^s se tienuent con- 
stamuient dans lea eaux ; mois 
comme ils respirent par des 
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Aristotle. 
awP€i di ir6vra Sira l^ci (fivariTripa, 
Koi h^xerat rhuf depa' trXcvfiora 
yiip Zxpfwrtv, p. 167* Ai^ /col Xafim 
pap6fitvot 6 dcX^U €v rots f^utrvots 
dwowviyerai rax^ms dih r6 fi^ ova* 
nvcly. p. 215. 



*A^ti7(rt ^ ical <$ dcX^lff rpiyfi^y 

— ftrri yip rovry ^i^* ?x** 7^ 
Koi vk€VfjLOva Koi dpTTjpiay, aXXii 
TTfv yKStrrav ovk dirdkeXviJ^vTjv 
ovbe X^'^^ eSoTf ^Bpov rirrii </>»- 
v^f irotfiv. p. 106. 

*0 dfX^W fx^* ftaoTovt bvo, OVK 
iiva 5* oXXa 7rXi;<riov Ta>v apOpav, 
p. 40. 

Ta)v 5f daXatra-Lcav ttXc tora Xe- 
yrrai aijixcla Trcpl tovs d(\<fnvat 
irpadTrjTos Koi fjixepOTTjros, p. 301. 



yakoiv dyfXrj dpxi kclI fxiKpav. 
Ae-yfTOi di Koi 7r€p\ TaxynJT09 
aTTKrra tov foov* dnavrciv yap 
boKcl etvat fcpoiv rdx^OTOv, koi tS>v 
'bp»v KOI rSiv x^P^^^^t "^^^ 



Cuvter, tom. I. 
ponmons^ ils sont oblig^ de 
revenir souvent k la sorfaoe 
pour y prendre de I'air. p. 272. 
Les c^tac^ ordinaires se dis- 
tingaent par I'appareil singu- 
lier qui leur a valu le nom 
commun de sonffleurs. C'est 
qu'engloutissant, avec leur 
proie, de grands volumes 
d'eau, il leur &llait une voie 
pour s'en d^barrasser ; elle 
s'amsMe dans un sac plac^ k 
Torifice ext^rieur de la cavit^ 
du nez^ d'ou elle est chass^ 
avec violence— au travers d'une 
ouverture perc^e au-dessus de 
la t^te. p. 275, 276. 

n n'y a point de lames sail- 
lantes dans leur glotte^ et leur 
voix doit se r^duire ^ de sim- 
ples mugissemens. p. 276. 



ivv 



Leurs mamelles sont pr^ 
de Tanus. p. 276. 

Toute rorganisation de son 
cerveau annonce que le dau- 
phin ne doit pas 6tre d^pourvu 
de la docilitd que les anciens 
lui attribuaient. p. 278. 

Get animal, repandu en 
grandes troupes dans toutes 
les mers, et c^l^bre par la v^- 
locit^ de son mouvement, qui 
le fait s'^lancer quelquefois sur 
le tillac des navires^ paralt r^- 



Jrutollc. 

P-302. 

' "En it HOI i /iCt j^ «^ros ofloc- 
raf fuv n' T^ mdfutn nix ix"i 



AND fUVlfiR COMI-AREl). 375 



OiriiT, ttnii. I. 

ellcmcnt aroir iti le daupbiti 
dea ttiiciens. p.^78. 

La michoire sup^rieure— a 
ees deux cot^ gamia de lamm 
traiiHverses minces et «err^eA, 
— form^es d'une espfice dc 
cuTiie fibreuse, eflilet's i leiir 
bord. p. 284. 



I 

^^^^rom the preceding comparison it appears tliot, with n- 
^^Hbct to those points in the history of animals, [he knuwietlge 
^^« which was equally ftcessible to both writers, the descrip- 
tions of Aristotle are hardly inferior in accuracy to those of 
Cuvier. Nor does this obser\ation hold with reference to 
the more common animals only: it is equally remarkable 
with reference to those which are of comparative rarity; in 
support of which assertion I would refer, among other in- 
stances, to the description of the sepia, and of the chameleon, 
and of the evolution of the egg of the hird during incuba- 
: I have perhaps already extended this compa- 



I 



in loo far, and will therefore here conclude. 



ERRATA, 
r. 3'2fi. I. 23. /or medical read medicinal 
P. 232. L 5. dele the fouoder of 
P. 269. note, 1. 1. /or Anunan or Uamm 
Bunon, m aodent name 
. P. 343. 1 7. /« 
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